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Section I. Introduction
by Dr. W. A. Zisman, Code 6100

Naval Research Laboratory
Washington, D. C.

Origin and Puroose'of This Report

1. This report originated from a request by the Chief of Naval Research
of 3 August 1967 to the Director of the Naval Research Laboratory (see
Appendix I). The task of selecting experts in the appropriate fields and
organizing the‘requested’report was turned over to the Chemistry Division
Superintendehf (Code 6100) who, therefore, has pianned, edited and produced
the report with the help of coopérating scientists and engineers from the
'three Naval Laboratories indicatéd in the‘Table.of Contents. The need
for a survey report on the "state of the art" With'fespect fo "Toxicity
and Fire Hazards Associated with Shibboard Materials'" has long been
evident. A series of -disastrous fires on surface vessels of the Navy,
starting from the terrible damage suffered by the BENJAMIN FRANKLIN in

World War II and ending most recently in 1967 with the FORRESTAL, has

focused rapidly increasing éttention on the subject of fire prevention

and fire hazards to the crew.

2. In the various Naval Commands and Laboratories and especially in the

Fleet, fire hazards have been of much concern. However, rapid changes
in the fighting equipment and weapons of the Navy have occurred since
World War I, and the problems of keeping ahead in the arms race and of

using new. weapons and naval warfare concepts have monopolized funds as




well as R & D activities.

3. Of course, the search for better methods of fire fighting and

of decreasing fire hazards are as old as civilization. Despite the
fact that there has been widespread interest in both subjects,
especially in certain industries, in the fire depariments of larger
cities, in the larger fire insurance companies, in various state and
federal agenéies, and in the merchant marines of every nation, there
are many possibilities not yet adequately explored. However, research
at NRL over the past 20 years has revealed many_chemical and engineer—-
ing possibilities and problems of fighting fires ana éf decreasing
fire hazards. Especially limiting td interested scientists and
engineers has been the inadequate and discontinuous support for such

research.

4. On naval surface ships, even in peacetime, the fire hazards are
potentially more serious thah on merchant- ships or in land civilian
installations. Furthermore, acceptable fire-fighting facilities and
methods are diffefent of necessity. Fire on board a naval ship can

initiate a disaster so serious that the economic justifications for specific




choices of materials of comstruction or fire-fighting methods can be
éntirely different than those guiding designers and builders of merchant
ships or of civilian land estéblishmenté. For example, we know of no
other activity on the sea, or on land, where the possibilities of ignition,
fire, and explosion are. SO nNuUmMerous and potentially disastrous as those
existing on board a modern, large, alrcraft carrier. Of course, the
possibilities become more numerous when the carrier‘is about to launch

a major "air strike" (as in the case of the FORRESTAL) or where it is

under air attack (as in the case of the BENJAMIN FRANKLIN).

5. Because of modest rate of progress in fire-fighting methods in

civilian life and in the merchant marine, all of the technical information

‘and guidance presented in this report had to be obtained from within the

Navy's own technical establishments. Fortunateiy, within several large
naval laboratories, there hadAaccumulated from past research, develop-
ment, and trouble~shootiné experience with the Fleet, a considerable body
of highly relevant technical "know-how" and ideas. Because of this situa-

tion, we were able to assemble the foliowing réport.

6. ALl designs for naval ships have always represented the result of many

compromises between numerous and conflicting requirements, such as those

relating to optimum ship speed, maximum range of operations, ability to

execute many kinds of maneuvers and missions during combat, reasonable

comfort, health and safety for the crew, the need to use available

materials of construction, and reasonable costs of construction and




maintenance. These compromises appear to be especially numerous, conflict-
ing, and difficult to make in the design of modern, large; aircraft carriers.
The same could be said to varying degrees about many other ships where space
limitations ahd speciél missions also bring serious problems, e.g., destroyers,

crulsers, and tankers.

7. As the fire, explosion, and toxic hazards in submarines involve‘many_
factors and réstraints.peculiar‘to such ships, especlally dufing deep
submersion, such hazards in subméfines need to be discussed in a separate
report. In certain respects, the hézards in submersibles have been given
much more attention than surface ships, and this is especially true of
the atmospheric pollutibn and related toxicity probléms. As we believe
that the most dangerous fire hazards in the Fleét exist today in aircraft
carriers, special emphasis will be given inleach section of this report

to these problems aboard carriers.

8. This report was prepared recognizing that ﬁo gather and condense gll
available Naval research, development, and engineering knowledge onifire,
.ignition, and toxic hazards of ships together with the associated recom-
mendations from the Navy's many laboratories and engineering establishments,
would take at least a year to compile. But the fire hagard problem is of
éo mich concern to the government as well as the public that it was

decided to answer the request of the Chiéf of O.N.R. (Appendix I) by

gathering together the technical guidance already available from a group




of experts who, in the judgment of the Editor, were the best informed
Naval engineersband scientists in their fields by virtue of their research
and development experience, their past accomplishments, and their intimate
knowledge of relevant activities in the Navy (or for the Navy) in their
own fields of competence. The resﬁltiné-reviews by these authors of

| the state of knowledge along with their recommendations for future action
are believed so valuable and up to date that they should prove helpful |
and timely to.many fellow workers and administrétors in the Department of
the Navy. Many recdmmendations Will bear étudy by the other.services of
the Department of Defense. As indicated below, fhere are a few other
sources of information within the Navy we need to draw upon to £il1l in
the picﬁure as completely as possible; we propose to submit additional
material .as a supplement to this report as soon-as-possible. Nevertheless,
the discussions and recommendations presented here from Navy's R & D
laboratories is so reliable, well inforﬁed, and nearly complete that it
deserves carly attention by those in the Navy Department and Department

of Defense who are responsible for plahning, budgeting, and action.

Lack of Reliable Data on Toxicity Hazards on Shipboard

9. The subject of toxicity, especially - = the exposure of men in
closed atmospheres, has been largely neglected until Navy nuclear sub-
marines and later NASA space vehicles required the effort. Only in the
past decade has enbugh reliable research been done, especially in the

effort of the Navel Research Laboratory on nuclear submarine atmospheric




pollution and control. We have given solutions to submarine problems

which have permitted building workable systems, and we can point to needed
areas of R & D which are highly relevant. Much of the earlier information -
on the safe toxic limits of chemicals was obtained after years of debate
between many toxicologists; unfortunately, the resulting permissive limits
for atmospheric contamination relate only to exposure of men to an atmos-
phere at ordinary temperatures and pressures. This early information was
obtained in major part to guide industry in protecting its workers under

conditions of exposure of eight hours per day for five days per week.

10. The toxic hazards encountered during naval ship fires may involve
exposures to special atmospheric pollution, and usually there is a more
or less brief exposure 1o an atmosphere containing more than one toxic
chemical at the same time (see Section VIII). Toxic hazards from fires
on shipboard often arise under conditions during which the crew members
are working frantically to combat the fire; many men are taxingvhuman
physical endurance beyond the limits commonly encountered iﬁ exposures
to toxic materials in most industrial working conditions. There is
reasonable doubt as to the applicability of much of the available
toxicity data under such shipboard conditions. An adequate study of
the toxic hazards on surface ships during normal operations and during
fires will take a long time and will require a collection of much data

by air sampling on shipboard in both closed and open spaces.

11. Appropriate collecting procedures and techniques for sampling the

air under such conditions have been developed and much used by NRL during




ten years of investigations on the habitabilit& of(the nuclegr submarine
atmospheres as ﬁell as of the-MEréury space capsules of NASA. An annual
unclassified repbrt of this work.has been publiéhed for fhe past seven
years. It is urged that a gimilar air—sémplihg program be initiated on
gurface ships, especialiy'on aircraft carriers. It should commence with
sampling of the air in many closed compartments as well as bn deck areas
under normal operating conditions at sea; subsequenfly, automatic sampling
devices should be installed to collect air sampies during wartime operations

or fires.

12. In Section IIIHof this report will be found recommendations for the
collection of more labqratory data on the products evolved during over-
heating, or partiai combustion, of a variety of solid materials used
widely aboard naval vessels. .Such an investigation needs to be started
as soon as possible_éé that wé caﬁ_leérn mofe about the toxic chemicals
released in the atmospﬁere'during shipboard fires. ‘Much of the data
needed are not available in the scientific or industrial literature or
_from industrial sources. Such an investigation should make evident any

needed changes in materials used on board. ships.

13. Despite the very limited amount of reliable information available
on the amount and nature of the toxic chemicals in the ships' atmosphere
during a fire, some important conclusions can be drawn about the causes

of a significant proportion of the many deaths that have occurred during




past major naval shipboard fires. Specifically, reference is made to the
all too numerous deaths which occurred fram 24 to 48 hours.after crew
members have inhaled smoke while fighting a fire. The able discussipn :
in Section VIII of this report is particularly. alarming; early action is
needed along the lines reodmmended theréin to prevent many future deaths

- fram pulmonary edema.

Fire, Explosion, and Toxic Hazards Arising gromjsgoigg Rockets

14. In Section‘IV from NOL, White Oak, Maryland, andeectiqﬁ v frOm

NWC, China Lake, CalifOrnia, will be fourd condensed but valuable dis-
cussions of fire and explosion hazards aboard surface vesseis arising
from the presence there of explosives, pyrotechnics, rockets, and weapon
arming and launching sYstems} Unfortunatély, the Editor learned recently
that information is available on firg and toxic haiards ariéing from
stofed rockets, suéh'as.Talos; Tartar and Terrier, and it will be necessary
.to review the investigations of subh syétemS'carried on the.paét eight
years at the Naval Weapons Laboratory,_Dahlgreﬁ, Virginia. If this
information proves new and relevant, it will be soﬁght and condensed into

a supplementary report.

Definitions of Shory-, Intermediate-; and Long-Term Recommendations

15. We have used in this report a uniform definition of each of the
following terms; "short-term," "intermediate-term," and "long-term"
recommendations. Such a breakdown of the recommendations should be helpful

to all officials in the Navy Department who are concerned With’decreasing~ \--'




the fire, explosion, and toxic hazards aboard naval surface ships. By a

short-term recommendation we mean one which is based on pertinent and

existing technical know-how even though, to our knowledge, it is not yet

in use on snrface ships. Such recommendations need to be given early
attention and action. Brief feferenees:ane given wherever necessary to
pertinent naval reports or publications or to any technical groups or

codes in the Naval Systems Commands that we know are alréady concerned

or involved in the proposed action. In short, fhe short—term recomnenda—
tions emphasize the need for early changes‘in existing materials, specifica-

tions, procurements, equipment designs or redesigns, or personnel training.

16. By an intermediate-term recommendation we mean one dependent on the
use of either available scientific and engineering know—how or some
reseanch and development which with a proper high priority could be put
intn naval practice in fiVe yéars or less. - Such a measure needs special
éar—marking, because if approved, it would obviously require early priority,

budgeting, engineering design, specifications;_and'procurement.

-17. By a long—ferm recommendation we mean one which depends upon research
to acquire_nedessary knowledée that does not exist. Such an effort would
obviously require early and continuous funding of research for, possibly,
five years or more. Under this héading, we include both highly relevant

as well as "blue-sky" ideas.

18. The recommendations in this report have been broken down into the

above-defined three categories in order to help explain and justify to




the following people in the Navy Department and:Department of befense;

(i) those who must be informed of the neéd for jusﬁifying‘pfiorities'and
budgets on research and development, and (ii) those within the Naval
Systems Commands who are responsible for related planning, designiﬁg,
preparing specifications,'tréining andvinstructions, and procurements.

It is hoped that the need for each intermediate and longfterm recommendation
has been explained.clearly in this report and that it has been placed iﬁ:

proper perspective relative to Naval shipboard and future design problems.

Readiness of the Naval Taboratories

19. The confents of the following seven sections of this report were all
made available to the editor‘within one month aftér receipt of the request
of Appendix I from the Chief’of Naval Reseérch.- However, no one should
assumé that these technical discussions and'recomméndations'represent a
body of hastily;coﬁtfiVédAexpianationé and suggestions. In every instance,
éach author has beeh involved deepiy in the research and development
activities in a maval laboratory on the,subjecf he has discussed, and in
every instance he has had a continuing interest and knowledge of acfivities
.in that field of R & D extending back from ten years ago to, in many
inStances, World War II days. In other words, each author has written
from a full mind with a rich background concerning the R & D aspects of

fhe problem With an authoritativé knowledge of naval practice and experiences
with the use of thé equipment and materiéls discussed. The ability of this

group. of men to put such an authoritative and competent report together
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so rapidly Wlth such highly spe01flc recommendatlons for short-, inter-
mediate-, and long—term action 1s, indeed, a demonstratlon of the oomnetence,
high esprit de corps, and readiness of the scientists and engineers of the

Navy's laboratories.
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Appendix to Section I.

DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH
WASHINGTON, D. C. 20360

IN REPLY REFER YO

3 August 1967

MEMORANDUM FOR DIRECTOR, NAVAL R’ESEARCH LABORATORY

Subj:  Toxicity and fire hazards 'associated'. with shipboard materials

1. For some time the Navy has paid particular attention to materials
used for construction, preservation and habitability going into our nuclear -

submarines to insure against undue fire and toxicity hazards,

This

attention to detail has resulted from the particular interest of the prOJect
managers responsible for construction and from the requirement for man
to operate in closed environments for long periods of time.

. 2. The catastrophe on the ORISKANY and more recéntly that on the
FORRESTAL indicate that the Navy might well direct its attention to ‘the
hazards of materials used in surface ships to a greater degree than here-
tofore, Methods of combatting shipboard fires, once started, in both

enclosed and open spaces, should be reviewed,

3., This subject is not necessarily a glamorous one, and capaﬁiliti_es

within the Navy are not widespread, At the moment, much of the

expertise would appear to rest in the Naval R'es'earch Laborator}'r.'

4, Itis requested that you prépare a "state of art" report that I can v

submit to ASN(R&D) that addresses itself to this general question,

It

" should include a summary of fire and toxicity hazards associated with .
paints, coatings and other materials used in the construction, furnishings
and ‘equipment of our surface ships. A discussion of fire fighting methods

~ and techniques should be included. In addition, the study should identify
in-house capabilities in the Navy and include some mention of their
activity, In order to compléte this ''situation' report, it would be well -
‘to describe how control of material installation is exercised with partzc- S

‘. "ular reference to the attention paid to the problems of fire and toxicity,”

© 5. You should feel free to ¢ontact elemente of the ‘various Systems
Commands whose equipment or installations may pose such hazards, °

6. Would you give me an 1nd1cat1on of the date by which such & report

Py \"

,could be ready?

Copy to: ASN(R&D); CND; DNL 12 /
o f -
! l| ]

"—4”5 ,cm-,.

T. B, O

1?2688_*_
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‘Section II. Ignition and Flammability Hazards Associated with Fuels,

0ils and Solvents on Surféce Vesselé

by Dr. H. W. Carhart and Dr. W. A. Affens
Naval Research Laboratory -
Washington, D. C.

Fire and Fxplosion Hazards

1. There is no more terrifying éry aBOard ship than "Fire!" This‘is |
all the more-frue on naval vessels, and aircraft carriers iﬁ particular,
because of their special and lafge cargoés of munitions, pyrotechnics,
missile propellants, aircraft fuelé, and the like. The veryisame

flammability properties which make these materials so useful when

' properiy controlled make them dangerous to life and property when out

of hand.

5. Flammability, or the ability of a combustible to ignite and burn,

depends on the nature and quantities of the three "sides" of the "Fire

Triangle" (oxidant, ignition source and Cmeﬁstible). On a naval vessel,
the most important oxidant is air, but liquid oxygen, hydrogen pefoxide,
chlorine, and the like, can also be present or be produced in certain
parts of the ship. Ignition sources may be from open flames, sparks
(from static electricity or from electric motors, high frequency
discharges induced from radar, fadio, etc.), hot gases or vapors or
objects (spontahebus ignition), shock waves (from explosions, etc.),

or from hypergoiic ignition (propellants); they may be found almost
anywhere'aboard ships in one form or the othér of_sufficient'energy to
ignite a fire. For'example, it has been demonstrated by NRL (1) that
radio frequency arcs developed on aircraft parked on the flight deck of
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an aircraft carrier can ignite flammable concentrations of fuel vapor.
Current NRL research is investigating hazards from static eléectricity

generated in fuel systems (2).

3. The most important and complex side of the Fire Triangle in a ship
is the combustible or fuel, because of the large quantities on board, and
.because there are present so many varieties and forms. Thefe are three
important factors in the flammability of acambustible:

(2) Flammability Properties.

- By the flahmability pfoberties wé,mean the combined chemical
and physical:pfoperties which make one chemical éompound more flammable
than another, such as chemical réactivity, vapor pressure, flammability
iimits, heat of combustion, etc.,'which are the determining factors of
ignitibility and flame propagation. Since 1liquid fﬁels musf be in the
vapor state to-burn,.a fuel with a higher.vapor pressure (e.g., AvGas) . -
would produce more vapor than one of lower pressure (e.g., JP-5). The
concentration of vapor is élso important‘in determining flémmability, 80
that combustibles with broader flammabiiity liﬁits (JP=4 Jet fuel, for
‘example) are flammable over é wider tamperature range than those with
narrow limits (JP-5 jet fuel, for example).

(b) Physical State.
The'physical state of any combustible is of prime impbrtance
in determining its flammability properties. Vapors and gases are, in
general, more flammable than liquids, which in turn are more flammable
than solids. Thus, with increasing temperatures combustibles tend to ' -

become more flammable as they liquefy and/or vaporize. 1In addition to
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these considerations, particle size is a factor in flammability. Combus -

tibles in the form of powdérs, droplets; or thin sheets are-more flammable
than in the bulk form, because the greater ratio of fuel area to its mass
guarantees more intimate contact with the oxidizing agent--the air. In
addition to flammaebility, the mobilitylof a substance is a factor in the
propagation and spreading of fire. Burning solids tend to stay fixed
whereas burning liquids may flow from place to place and spread the fife
1o combustibies in other areas. Combustible géses and liquid mists (3)
tend to be explosiVe. |

(¢) Quantity.

The potential of a burning fuel to cause a'fire disaster is a

" function not only of its flammability, but also the amount present.

The importance of quantity can be illustrated 5y‘going from one extreme

to another. It can be seen that a pint bottle of extremely flammable

~ethyl ether on the shelf of a pharmacy is not nearly as potentially

disastrous as 2000-4000 gallons of the less flammable jet fuel stored
in a gingle aircraft.
(d) Miscéllaneous Flammability Factors.
Othér factors whidh influence flammability hazards of materials

include ambient temperature and pressure, location of the combustibles,

- whether the spacé inh which they are located is confined or open, the

existence, distribution and intensity of ventilation drafts or wind,

the geometry of the locale in which fire initiates, and the nature of

the surrounding materials.
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Fire Danger to Personnel in Confined Spaces

4. Loss of life or injury resulting from fires may be caused by heat,
pressure, toxic effects of carbon monoxide and other combustion products,
anoxia, or to more than one of these. In confined spaces, these effects
may be of sufprisiné mggnitude. For example;'in the NASA Apollo-204
fire at Cape Kennedy on 27 January 1967, the burning of only four

ounces of nylon (debris net) would havé been enough to have ruptured

the capsule, which occurred only about 20 seconds éfter the-fire was
believed to have started. Similarly, in the fatal fire at the Experi-
mental'Diving Unit on 16 February 1965 (in a manned high‘préssure chamber
at the Washington Navy Yard), the indicated increases in pfessure and
 temperature were calculated to be over 100 psi and 400°C respectively,
all occurring in a few secdnds, which would result from the burning of
abqu‘é one pound of cotton, the equivalent of a te.rry cloth‘bathfobe.

A research projec£ on ignitibn and combustion in unusual atmospheres:

bwas initiated at NRLhas a result bf this accident. Preliminary results
have demonstrated the importance of oxygen concentration on ignition

and burning rate (4).

Pejroleum Fuéls

5, TFrom the standpoint of fire disaster potential on naval ships, the
- most important combustibles (becéuse of quantity and flammability) are
the petroleum fuels including jet fuels, gasoline, fuel oil, and the
like. Besides the fire or explosion hazards of petroleum fuels, their
vapors are toxic to human beings. The maximum permissible content of

petroleun vapors for any compartment or tank which is to be entered by
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‘persons has been fixed at 0.1 percent by volume which is the lower toxic

limit (5). The vapors of gasoline, diesel fuel, kerosene,>etc., are
classified as "moderately toxic" (6), but in those cases where the fuel
contains higher proportions of benzene and/or other aromatics, the

toxicity increases greatly (7).

Hazards of Fuels and Other Liguid Combustibles Aboard Surface Ships

6. Aircraft carriers and tankers present the greatest hazards of all
surface ships in that on them fires can readily lead to a catastrophe
because of the tremendous quantities of readily combustible fuels and

oils carried. Although other large surface craft, such as cruisers and

destroyers, also earry”petfoleum fuels, ordnance, and other combustibles

(such as mattresses, paper, paint, etc. ) and do have fires, experience
alone shows that they are not as prone to dlsaster from flre Submarlnes,'

small surface vessels, dry cergo and other surface ships and shore

installations also havé their own fire hazards, again largely because

of fuelg and other combustibles. What applies to carriers and tankers
also applies to them, but, because they don't carry as much flammable

fuel, they do not present as great a potential for disaster.

Adrcraft Carriers

<. A large aircraft carrier such as the USS FORRESTAL (CVA-59) has

the following capacities for petroleum fuels:
Navy Special =--2,500,000 gal.
JP-5 (jet fuel)—l,500,00Q gal.

115/145 AvGas -- 100,000 gal.

17




'Of the JP-5 supply, 100,000 galions is set aside as a diesel fuel for
use in auxiliary and emergency enginesfi (Sometimés dieselhfuel itself
is bought for this purpose.) Both Navy Special Fuel 0il and JP-5 are
carried in tanks just inside the skin of the ship. The JP-5 is passed
through clean-up stations (ét ca. 250 gal/min) into four service tanks,
from which aircraft are fueled (at a potential total flow of over 2000
gal/min) mostly on the flight deck, but also occasionally on the hgngaf
deck. AvGas-is stored in the armored part of fhe ship and is pumped by

water displacement. Navy Speciél and JP¥5 are not.

8. Aircraft carriers also carry other flammable petroleum products.

On conventional aircraft carriers about 300 gallons of motor gasoline
(MIL-G=-3056), for use in small auxiliary engines and jeeps is sfored in
six 55-ga1.steel drums on the fantail (so they cén be jettisonéd quickly
:’ancase of trouble). (n the LPH's (helicopter landing platforms),
motor gasoline is’cafried_inside the érmored part of the ship in a
separate water-displacement system likevthatvused'for AvGas, The
hydfaulic system of each of the main elevators contains 8000 gallons of
triaryl phosphate, a much less flammable material than petroleum fluids.
The hydraulic fluids used in the retracting gear for the steam catapults
aﬁd for the jet blast deflectors and arresting gear are Hydrolubes (an
MRL development during World War II), which are essentially glycol-water
systems and are nonflammable in air (8). Other hydraulic systems on
board use a variety of petroleum-base fluids (from 50 to 250 gal. each).
Reserve stocks are normally stored in drums in special lockers (nmot in |

the "paint" lockers). When a high pressure leak occurs in a hydraulic
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system, so that petroleum bil ié spewed out in the form of»a spray or
mist, accumulation of such.mists can yiéld highly-explosive mixtures (9),
especially if there is a delay in their being ignited (The USS BENNINGTON
(CV-20) disaster in Narragansett Bay on 26 May 1954 was of this type.);
or, if ignited immediately, they can generate a fire like an intense
blowtorch (the principle of the home oil heating furnace). The steam
turbine oil in the machinery spaces is'essentially'petroleum (2190‘TEP),
and several thousand gallons are stored in bulk in the engine roams.
Aircraft engine 0113 are stored 1n 5= gal cans on the hangar deck and

are made from a petroleum base for rec1procat1ng engines (type 1065)

and for some jet engines (type 1010). Most jet engines now use a diester,
" triester, or tetraester-type oil (type MIL-L-23699), also an NRL-Navy

development (10-12), but also combustible.

9. JP-4, a wide-cut gaéoliné type, is used in greater quantities than
.JP—5 by the militéry: It is used almost exclusively by the Air Force
and also in some Navy shore stations.. JP-4 is a much more flammable
produet than JP-5, with an unspecified flash point of around O°F (the
lower or lean flammability limit temperature). Its vapors form explosive
mixtures in a closed container up to about 70°F (the upper or rich
flammability limit temperature).' For this reason, JP-4 is not allowed
on board aircraft carriers. Indeed, JP-5, with a specified minimum
flasgh point of 140°F, was designed speéifically for carrier use as a
much safer fuel, and NRL has been instrumental in keeping this value
high for safety reasons. Information resulting from a current NRL
research project in the Fuels Branch is assisting in the solution of

this problem (13-16).
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.10. Generally, when a plane leaves a shore air station for later landing
on an aircraftAcarrier, it is fueled wﬁfh JP-5. The Navy étill uses

some JP-4 (Navy aircraft engines are qualified on both fuels.); however, S
if by chance a plane has JP-4 fuel in it, and lands on an aircraft
carrier, and needs any'kind of work on it, the JP-4 is jettisoned.

Close attention is usually paid such a plane to minimize hazard.

11. Most fueling of aircraft is done on the flight deck, from hydfants'
along the catwalk with long hoses attached. Since both JP-5 and AvGas
are uséd on aircraft carriers, in Order.to minimize using the wrong
fuel, fueling stations for these two fuels are segregated on different

- parts of the ship.' Fuéiing hoses for AvGas are noncollapsible, and
fueling is performed overwing with conventional nozzles. JP-5 is fueled
with collapsible hoses) underwing, under pressure with a special nozzle
that attaches to é fecebtaclé under fhe Wihg. Thus, the mixing of
bfuels is made difficﬁit; nevertheless, spiliage due to carelessness is
not uncommon. Helicopters (now using JP-5 on-airéraft carriers) are

fueled either from above or below.

12. Flammabie solvents, paint thinners, and other flammable liquids are
stored in the "paint locker" because they are rightly considered as more
" hazardous than mést golid combustibles. In as complex & stru@ture as a
ship, spilled fuels and other burning liquids pose a more difficult

problem of control, because they run and spread into other areas whereas

solids tend to stay put.

20




‘Tankers

13. Navy tankers (oilers) also carry lérge volumés of liquid combustibles.
Only three products are carried on such ships, 115/145 AvGas, JP-5 and
Navy Special Fuel Oil--usually simultaneously. Unfortunately from a
nhazard standpoint, the newer naval tankers, the ACE's, carry ammunition
as well as fuels for transfer at sea. Such a mixed cargo is particularly
hazardous, to say nothing of the vulnerability presented during transfer
operations af sea, when both fuel and munitioné are transfefred gimul-
taneously. ACE's have a capaciiy of 177;000 barrels of fuel (7,334,000
gallons), and a normal cargo consists of about 60% Navy Speciél, 36% JP-5
‘and 4% AvGas. The.old fleet oilers (type T-2), which were used in World

" War II, carry only the three fuels with a maximum capacity of 125,000
barrels (5,250,000 gallons). Other fuels and éilé needed and uséd on
other Navy ships are preloaded in pbrt.. MSTS tankers carry all sorts

.of cargo, including aviation and-motor.gasoline and JP-4, but these

are not intended for tranéfer to moving ships at sea.

ruigers and Destroyer

14. In addition to the normal combustible solids, ordnance, solvents
and Navy Special Fuel Oil, crulsers and destroyers also carry relatively
small quantities. of JP-5 used in helicopters which are fueled on deck,
or are used in lieu of diesel fuel for auxiliary engines. These and
other surface shibs pose the more convéntional hazard resulting from

a multiplicity of combustibles associated with a large number of

closely packed people in a complex structure full of machinery.
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‘Handling

15. The transport, handling and use of.petroleum;productsvmust always
be considered as hazardous. This is partiéularly true on aircraft
carriérs during preparations for strike operations when planes are
being fully loaded with fuel as rapidly as possible and are then jammed
like sardines on the aft section of the flight deck (e.g.,'the.FORRESTAL
again). If there are 50 planes, averaging 3,000 gallons of_fuel apiece,
the flight‘déck would have on it 150,000 gallons of fuel (let alone
ordnance) at a particularly crificgl andrhectic time. The vulnera-
bility of carriers at sﬁch times cannot be overlooked, nor cén the
periods of fuel transfers between ships at sea. However, thé fact that
~ the number of ship disasters has not been larger attests to the good
discipline and control exercised in the transpért,'handling and use of
such large volumes of highly.combustible fluids, as well as to the

-effectiveness of the fire fighting and damage control parties.

Fire Hazards during Various Operations
16. The extent of fire hazard varies markedly with the activity of a

ship. Much of what has been discussed herein deals with present day
peace or limited wartime operations. But there are special hazards to
consider during ship construction or repair and during all-out war.
Hazard from fire during construétion is high because of the large
amount . of combustibles present (wood in.scaffolding, packing crates,
trash, efc.), less efficient housekeeping (schedules to meet), high
activity and larger numbers of people whose work enhances ignition-'

sources (welding, etc.), and finally the fact that fire barriers are
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not all installed. The USS CONSTELLATION (CVA-64) fire at @he New York
Naval ShipyardAon 19 December 1960 is avgood examﬁle,of the hazard
posed, in which conduits cqnveying closely padked bundles of electri-
cally insulated wire (most of which was coated with polyethylene)
served to carry fire and‘sméke from oné ship compartiment to another
(see Section III). Fortunately, the fire was not worse because during
that construction large quantities of fuels and munitions were still |

not on board.

17. Uhder full wartime conditions, a carrier has operational requirements

imposed onvit that make it particularly vulnerable to fire. This is

~ specially true jusf préceding a strike (e.g{, the FORRESTAL) when it is
required that a very high doncentration of munitions and flammable fuel

be on the flight deck, and munitions for the foliow-up strike afe

already being rolied ouﬁ Ontb the hahgar deck. Attack by the enemy

‘at this particular moment would be the most propitious from his standpoint.
Under nuclear or BW attack, when a ship Will.havelto be buttoned up

(as proposed in the STOPS program), gpecial fire probléms will be.

created because of the radical changes ip ventilation and temperature.

In the engine and boiler roams of a conventionally-fired ship, temperatures
exceeding the flash point of Navy Special Fuel Oil are likely to be

reached; and spillage of fuel fbr any reason would thus pose an explosion

hazard in a very vulnerable part of the ship.
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Equipment

18. Many kinds of special equipment abéard Navy ships may EOntribute
to or become fire problems. Galley fires have been numerous as the.
result of spontaneous ignition of fats. Compressors have caused fires
and explosions as the resulﬁ of ignition from lubricating oil deposits,
and the like, at high pressures. The liquid oxygen plant on board ships
is a special hazard because of the fact that fires burn more rapidly
and intensely in an enriched oxygen atmosphere (4). Electrical motors,
welding gear, electronic high ffequency-gear (1), and similar equipment
may be spark ignition sources in aﬁy flammable atmospheré. Ventilating
systems may pose special problems since they may assist in spreading a

' fire by transfer of buining gases and because they may accumulate oily
surface films which can be ignited and initiaté or spread a fire.

Weter stills, steam pipes, laundry equipmgnt, and the’like provide hot
surfaces which can ignite some flammable substances. Small portable
gasoline and diesel engines, which are used for emergency power sources,
are potential fire hazards. In general, howeVer,*most equipment fires
are more readily confined and controlled than the fires caused by
ignited jet fuels, AvGas, Navy Special, and similar petroleum fuels when

present in such large quantities on ships.

| Fire Preveniibn

Regulations

19. In general, naval instructions, procedures and training give good
evidence that the Navy is extremely fire-pre&ention conscious (5,17,18);

Almost everything to be done is required to be done in such a way as 1o
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‘avoid unwanted fires. There are a multifude'of fire prevention rules

in the Naval Ships Technical‘Manual (17) coveringithe desién, construction,
and location of ship parts and equipment, for the storage and handling ‘
of hazardous materials, and for every imaginable operation. Noncombus-
tible thermal insulatibn'is.used, firelresistant coatings are required,
and flame arrestors are installed in.ventilation systems. There are
gpecial precautiqns for the location and storage of gasoline, explosivév
gases, and similar flammables.‘ There are limifations on quéntities of
stored combustibleé, such as paber, recqfds, files, office supplies,
lubricating oils and greases, pyrofechnics, daﬁgerous chemicéls, and

the like, and special places for their storage. But despite all of these
" or any additional reguiations, fire prevention in the future will depend
on whether or not the rules are followed, in ofhef words, on the human
element on board. If all the Naval'Ships'Technical Manual rules were
kept up to date and followed, there Woﬁld be fewer accidental fires
indeed aboard our ships. ‘Unfortunately, because of lack of special
training, carelessness, ilgnorance and'ihdiffefence, many fires do occur

which should have been prevented.

Education

20. The Navy makes many attempts to educate its persommnel by means of
training courses, books, pamphléts, sign posters, and the like, too
numerous to list here,in order to prevent fires. Because so many of

the newer materials used aboard ship are highly flammable, these education
and training procedures should be reviewed, éondensed as much as possibie,

and brought up to date. As an example of such education, NAVAIR operates
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a school at Bayonne, N. J., which gives instruction in safety in
handling fuels (among other subjects) to those who willvbe responsible
for handling fuels. However, there is a feeling among.the technical
staff at Command Headquarters that this schpol cannot be depended.upon
1o be completely adequate for proper‘ﬁraining, partly because of
personnel assignment problems (i.e,, not all of them attend the school),

and because of the complexity and magnitude of the subject.

Specifications

21. Because of their high fire-disaster potential, petroleum fuels,
lubricants; solvents, and related materials heve speclal flammability
requirements in their military specifications in order to keep down the
fire risks in their storage, tfansportation,_and use. Specifications
for some of the more important petroleum producte are shbwn in Table 1.
It can be seen in the Table, that.these combustibles must meet one or
more flammability requirements in addition to their other specification
requirements. The requirements for JP-5 Jet fuel for a flash point
temperatufe minimum of 140°F, and no more than 50% explosiveness, are
of particular importance.‘ It must be noted that there are no flamma-
bility requirements in the specifications for either AvCas or JP~4.

As is well recognized, both of these fuels are extremely fiammable due
to high volatiiity; hence, no aﬁtempt has been made to set limitations

on flammability per se.

22. Despite present Naval Ships Regulations, education and training

techniques, and military specifications, fires (often of a disastrous
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‘magnitude) have occurred on naval vessels with‘alarming frequency.

This makes it all the more'important to.ﬁake equipment and‘ﬁaterials as
foolproof as possible and also to insist on control of dangerous
properties to the maximum extent possible. Development and use of
proper specifications and iﬁstructions are two importent approaches,

and in our opinion, the Navy's laboratories can be of caniderablé
importance in developing not onlj reliable criteria for better productl,
control and 5etter test methods; but also in advancing our understanding

and knowledge about flammability and its assegsment.

23: Test méthods can easily be misleading, even those developed by a
‘ large and supposediy kﬁbwledgeable indﬁstry.‘ A case in point can be |
cited. The'Navy uses a coﬁmon commerciai adhesive for mountiné thermal . -
and sound inSulation onto bulkheads, etc., which is formuléted ﬁith a
petroleum solvent. 'Thé'specification cells for a flash point in excess
>of 120°F, measured‘bj'the,CIevelahd open cup method. This adhesive was
tested by the specification method and fdund.to héve a flash point of
145°F. However, when a sample of the same adhesive was placed in a
closed containér, it was found to be flammable at temperatures below
70°F. This result is caused by the accumulation of vapors which other-
wise escape in the open cup tester. Use of such an adhesive in a closed
(or poorly ventilated) space is>hazardous because the men liberally daub
large surfaces wifh it and, having a félse sense of security, do not
také proper precautions. Obviously; in this sifuatibn the specificatiop
is at fault, and a more meaningful test procédure_should be ﬁsed."The

specification should insure that the accumulation of toxic and/dr flammable
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levels of solvent vapors will nbt occur in use of such adhesives. Also,
instructions réquiring greater care in.épplying the adhesi&e are needed.
Other such defects have also been noted, and also brought to the

attention of those responsible for specifications. More similar action

is needed on other products and practices.

Substd on Less Flammable els”

Elimination of AvGas

24+ Current short—range plans call for the elimination of AvGas from
the FORRESTAL (CVA 59) and subsequent CVA aircraft carriers,.and from
the MEDWAYb(CVB—4l) in the near future (19). However, it is believed

‘ that AvGas will prdbabiy not belremoved from the ASW alrcraft carriers
untll 1975, at the earliest. This will éliminate the one highly
volatlle fuel from among the three bas1c fuels now on alrcraft carriers
and thereby reduce thé fire hazards. It will also reduce the logistics
‘problem‘ The firé hazard in tankers ﬁill also be reduced; particularly
during fuel transfer operations at sea, sincé,ténkers would n§ longer
have to carry AvGas. The transition to all- jet aircraft (including
helicopters) using the high flash JP-5 should definitely enhance safety.

This was an important consideration on which the present plan is based.

. Gelled Fuels

25+ Special attention must be given here to "gelled" fuels because
of the great amount of publicity they have been receiving during the
past year or two (including in the popular press) . Thesé'are conven-

tional petroleum fuels which are thickened or gelled so that they will
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not run when spilled. In other words, they will not come gushing out
of an airplane tank if it is ruptured and will behave more like a
golid when on fire than a liquid. Two processes of gelling have -
been the subjects of a moderate amount of research. The first process,
historically, is to thicken the fuel with a soluble or dispersible

solid additive (usually several percent) to produce a product somewhat
like Napalm in appearance. Most such formulations are thixotropic
materials. The second type of gelled fuel, which is receiving more
attention today, is an emulsion of fuel-in-water (i.e., the water is

the continuous phase) containing ohly about 3% or less water and a

large amount of a surface-active agent (such as Span 80). More recently,
formamide has been substituted for the water. Such an emulsion has an
appearance like soft ﬁayonnaise. Both types can be pumped, albeit

it must be done carefully so as not to destroy the emulsion "structure,"

or the gel or emulsion will revert back to a fluid.

26. The more enthusiastic proponents of this scheme for promoting
fire safety suggest that the gelled fuels could be prepared at the
refinery., Today, this is unrealistic. At best they would have to be
prepared by special "homogenizers'" as close to the time of fueling
aircraft as possible, because otherwise they would pose too many ofher
handling problems resulting from accumulation of dirt, rust and water

with accompanying serious complications.

27. It must be emphasized that gelled fuels, as presently formu-

lated, are not ready for naval use today. There are still too many

30




problems that must be overcome.. The solids ﬁSed in thickened fuels

are objectionable because df.the residués left infaircraft fuel
handling systems as the fuel evaporates. The processés for prepar-
ation of either type, emulsion or gel, still have a tinge of '"black
magic" in them if they are fo yield a»éood product. If the equipment
or procedure ié a little faulty, a poor product results. On an air-
craft carrier, éelling would havé to be done before putting fuel igto ‘
the service fahks becausé it is a relatively siow process. .Very speciai
nonshearing pﬁﬁ@s Would be needéd 1o traﬁsfef them to the ajrcraft,

and it is difficult to prevent sheér when high velocities of pumping

are required, as they now are.

28. A greater drawbadk is that present éngines cannot "digest," nor
airframes handle, today's gelled fugis. COnsideféble modification of
engines and airfrémés.wduld be necessary to accommodate them. This is
pecause (a) the iﬁside of the wihg, with all its complex internal
strdicture, is the fuel tank, and flow_characferistics do not permit
getting gelled fuel to the engine with present equipment, (b) the fuel
{tself is the working f£luid in the present servo mechanism which feeds
fuel to the eﬁgine, and (c) atomization of the fuel in the burners is

viscosity-dependent.

29, The promise offered by gelled fuels in preventing a major disaster
(caubed by massive spillages of fuel on fire) makes them candidates
for further résearch, but one must keep in mind the added compli-

¢ations in handling and uSe so that loss of 1life does not occur
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from other malfunctions. There would be a greater safety advantage in
gelled JP-4 (aiwide—cut gasoline and, hénee, highiy flammable) than in
gelled JP-5 (a'high—flash—point kerosene). Hence, present research by .
Army, Air Force, FAA, and industry is largely aimed at JP-4, but what
is learned would.be'transfefrable to J?—5. To our knowledge, Navy is
not engaged in research on gelled fuel at the present time, but is

following developments in the field closely.

Navy Fire Research

30. Ih—house fire research (ignoring fire extinguishment research

which is cévered in Section VI in this report) is relatively limited.

The number and vafiety”of projeqts is small; and they are being conducted
in only a few Navy laboratéries. Based 6n information supplied by the
Natiénal Academy of Sciences--National Research Council inhits‘l965
Directory of Firé Reséafch in the United States (20), and filling in a
few known voids in the directory where possible with information from
other sources (such as NARDIS and DNL), the following is a brief listing
of the fire research programs conducted by naval laboratories and.

pertinent to this Section of the report.

(a) Naval Aercnautical Fngine Laboratory
(1) Inﬁestigation of Flammability Conditions within Aircraft
Fuel Tanks (FAA sponsored)
(b) Naval Air Turbine Test Station
(1) Full Scale Power Plant Turbofan Installation Fire Tests

(FAA sponsored)
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(c¢) Naval Applied Science Laboratory

(1) Effect of Extreme Thermel'Environmenf on Advahce Design
of Naval Vessels
(25' Development of:Weter~Base Fire Resistant Hydraulic Fluids
(d) Naval Civil Engineering Labgraﬁorx

(1) Protective Construction against Thermal Radiation

(e) Naval;Radioloéical Defense_Laboratory
(l). Computer Program for Evaluating Incendiary Hazards of
Nuclear Attack (OCD sponsored) ” |
(2). Ignition and Response of Meteriale to Intense Thermal
Loading (DASA sponsored)
(f)‘ Naval Researoh Laboratory
(1) ‘Study of the Ihterrelationships ef Physicochemical and
Flammability Properties of Liquid Hydrocarbons and Their Mixtures
(2) Study of the Ignltlon and Burning Characteristlcs of
Materials in Unusual Atmospheres, €.g., Variable Oxygen, Pressure, Diluents
(3)  Study of the Generation and Discharge of Static

Electricity in Hydrocarbons

for ernme egearch (20)
31. Signifiqant-fire research projects on liquid and gaseous flammables
and their ignition are also beihg performed at other Government labora-
tories and eiéewhere which is of value ro and is (or can be) used by
the Navy. Seme examplés of pertineht in-house fire research programs

(exeluding fire extinguishment résearch) of other Government laboratories

are as follows&
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(a) Federal Aviation Agency

(1)

Combustibility of Gelled Fuels

Preliminary Crash Fire_Stﬁdies of Ignitibility and

(2) Sparking Hazards of Structural Materials (Cresh Landings)
(b) Bureau of Mines B | ‘
(1) Autoignition Temperatures of a New Engine Lubricant at

Reduced and Elevated Pressures (sponsored by Monsanto Chemical Co.,

St. Louis, Mo.)

(2)

Ignition Characteristics of Fuels and Lubricants

(sponsored by USAF)

(3)
(4)
(5)
(6)
(7)
(8)

Flammability of Propellant Combinations (sponsored by NASA)

Hydrogeﬁ Safety (sponsored by NASA)

Studies of Air Flows into Uhcontfolied Fires. (sponsored by NBS) -
Flammability of Halogénated'Hydrocarbons
Hybrid Flame Studies |

Investigatibn of Flame Propagation Characteristics in

Layered Gas Mixtures

(¢) National Byreau of Standardg

(1)

Mechanism of Flame Spread (sponsored by OCD)

(2) Growths of Fires in Model Enclosures
(3) Improved Smoke MEaéurement Methods
(4) Influence of Chemical Additives on Flame Combustion Speed
(d) U. S. Ajr Force . .
(1) Hazardous Vapor Detection - ‘
(2) Materials Fire and Explosion Hazard Characterization i

(3)
(4)

Portable Hydrogen Fire Detector

Information Analysis of Fiber Optics Bundles for Hazard Detection
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Recommendations

General
32. Of the many flammable materials on board Navy vessels, petroleum
fuels, because they are designed to be burned, and because they are
carried in such large quantities, pose a particularly large potential
for disaster, especially on ailrcraft-carriers and tankers}' Howevér,
the Navy has been well aware of these hazards and has already taken many
steps by botﬁ choice of fuels (by specifications) and by handling
procedures and instructions, to‘minimize‘the danger. Radical changes
in fuel prdpérties to make them less flammable.might éasily impair
their usefulneéss, performance,’and availability, or might create other
" hazards (i.e:, toxicity, equipment malfunctions, eté.). The greatest
saféty threats of fuels and other petroleum préducfs are in their
misuse or mishandling through careléssness, ignorance, faulty or
- poorly designed equipment, improper maintenance, and so forth. Constraints
imposed by operational reQuirements also enhance the fire.hazard,

especially on aircraft carriers preparing for a gtrike.

33, Much is already known about the flammabiliﬁy properties of fuels,
and this information has been widely disseminated by menuals, instructions,
etc. Cognizance of the hazards has been taken in the design of fuel-
handling systems and in their specifications. Nevertheless, more needs
to be done in both the research sense énd in the interpretation (or
translation) of such knowledge to make it available and useful to the
Navyis designers, operators, and crew. Although fuels have probably been

studied more extensively than other combustibles, a body of new knowledge
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about the latter also exists which can be applied by the Navy. Inter-
estingly enough, much of this is of the "common sénse" variety, which,

unfortunately, is not always so "common." R : )

34 . Short-Term Recommendafions : o ' a

(a) Enhance fire hazard.and toxicit& awareness among present and
future operatdrs by: greater insistence on safety instructions‘and
education; closer attention to following Navy manuals ahd regulations;‘
more intensive instruction of midshipmen at thé Naval Acadeﬁy; and‘more’
training through gréater use'of'éctual dgmonstrations and other visual aids.

(b) Insist on better housekeeping and practices to avoid: spillage;
leakage; accumulationé'pf cpmbﬁstibles (espegially during construction);

T unnecessary pétential ignition sources near combustibles (h.f. rédar,
static, welding, open flames, sparks, photqflaéhes; hot surfaces, etc.);
conflicting operations (e.g.%vhot or electric work during fueling or
_defueling); and malfgnctions of equipmehf (by frequent servicing |
and maintenance).

(¢) Insist on maintaining & minimum flash point for JP-5 of 140°F.
There is industrial pressure to lower this minimum value in order to
increase fuellavailability.‘ NRL is investigating the flammability of
JP-5 and other petroleum fuels (13-16).

(d) Abet the present plan to remove AvGes from aircraft carriers.

35. Intermediate-Term Recommendations. : :
(a) Develop and install better detectors and alarms for smoke and
fire, and for the accumulation of hazardous concentrations of flammable

or toxic vapors.
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(b) Develop a more meaningful "exp1081veness" test for JP-5,
Navy Special, and other high flash fuels. (The present speclficatian
test has decided defects in it. NRL is already deeply involved in .
this problem.)

(e) Develop‘more foclproof devices to prevent spillage during
fueling of both ships and aircraft.

(d) Make a systems study of spacings and geometrical arrangements
of aircraft on the flight deck,of carriers, especially just prior to a
gtrike, to determine whether greater gafety fram hot starts: and chain
reactions can be achleved w1th1n the constraints of operational requlrements

(e)- Develop improved techniques for crew instruction, education,
' drills, and practices in fire sefety. |

(f) Review the present specifications and test procedures (related
to flammebility) for combustibles being used in quantity (including
adhesives; solvents, etc.) to determine whether more meaningful controls

and procedures could be applied.

36. Long-Term Recommendations.

(a) Perform research on spurious forms of ignition of hydrocarbon
fnels such as static, electromagnetic fields and spontaneous ignition.
‘ (NRL has an active investigation in progress on static.)

(b) Study means for preventing the hazard associated with spontaneous
ignition due to rem heating in supersonic flight.

(¢) Continue research at MNRL on flammability properties and
principles of hydrocarbon fuels to develop beckgnound knowledge on

which to establish safer fuels and handling and usage practices;

37




(d) Continue NRL study of specifications and their test procedures
for fuels and other commonly.used flammahles with'the viewvof developing
new or more meaningful flammebility controls for hazards associated with
ullage (an almost empty tank full of flammable vapors is a greater
explosive hagzard than a tank full of 1iquid), explosivity, spontaneous
ignition, compression ignition, shock ignition, etc.

(e) Continue evaluation of gelled fuels for fire minimization, l
commensurate with the effects of their unusualjproperties oﬁ other

important criteria of usage, hahdling and safety.
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Section III. Hazards Arising from Fifes on Shipboard from Organic
Materials Such as Paints, Plastiqs, and Insulation Materials
by Dr. A. L. Alexander and Mr. J. E. Cowling
: Naval Research Laboratory
<Washington,'D.C.
Introduction |
1. Since another section on the subjéct of fire hazards (1) discusses .
in detail the tolerable limits of noxious gases in'enclosed environments,
thege will not be repeated heré. However, an effort is madé to indicate
the extent to which organic materials contribute to and aggfavate this
situation. AThese include paints, plastics, organic thermal and elec-
_trical insulation materials, deck coverings, furnishings,as well as

supplies and stores of organic origin.

2. Since organic cognings‘are used exténsively throughout most shipé,
this discussion will be directed first to_the use of paints and
especially to their misuse. Work has'béen done to eliminate hazards
resulting from the tendency of paints to promote combustion and to
contribute to‘the toxicity éf atmospheres in confined spaces. NAVSHIPS
Technical Manual (2) contains complete and detailed instructions for

- painting ships from masts to the'keels. This Manual has undergone
frequent revision as new and improved materials and practices have
become available. Hazards from paint would be greatly decreased, if
assurance could be obtained that materials and procedures outlined
therein would be closely followed. This Manual recommends that painting

be done no more often than is considered necessary for adequate preser-
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_vation. It is recognized, however, that painting to improve ship
appearance must be toleratedT It is stipulated fﬁrther,‘wﬁere the
existing paint on bulkheads with that to be added with repainting .
exceeds a total average thickness of 5 mils (0.005"), that all old
paint be removed by scraping before repainting begins. It was demon-
strated by the Industrial Test Laboratory at the Philadelphia Naval
Shipyard (3) that thin paint films rarely propagate combustion.
Furthermore,.if the paint is decomposed by heat, it is obvieus thet

the thinner the film the less will be the amount of noxious material
delivered into the ship's atmosphefe. It is believed that the regu-
lations relating to olq paint removal sometimes give way to expediency
~or to extenuating circﬁmstences. For example, it has been reported

by personnel of the Naval Ship Engineering Center (Code 6101) that
during a recent overhaul of the USS MIDWAY, the cost of removing the
thick existing paintlwas considered to Ee excessive, or at least that
insufficient funds were available. As a result none of the old paint
was removed, and the repainting simply added to the bulk of the coating

already on all interior surfaces.

3. In this connection it should be emphssized that even a so-called
"fire-retardant paint" loses much of its fire retardancy in proportion

| to thickness of the accumulated paint f£ilm. Reference (2) lists a

recommended thickness for the application of every approved coating

material, and these range fraom 0.5 mil for the initial coat of

metal conditioner to 3.5 mils for some of the heavier enamels of -

high solids content. Standard practice for painting the metal
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surfaces of interior compartments requires one coat of a metal condi-

tioner, the organic portion of which is polyvinylbﬁtyral‘reSin,
followed by two finish coats of chlorinated alkyd (fire-retardant)
paint on all bulkheads and ceilings. The basic structure for the

chlorinated alkyd resin is as follows: .

Ccl 0 CH 0
I | ] |
cl I | -C - OCH20H - CHZO -C - (CH2)16CH3
cl - ﬁ - H
1 0

This formulé.is listed for purposes of identifying a possible source
of hydrochloric acid, chlorine, or phosgene, which will be discussed
subsequently. Living quarters, messing facilities, recreation spaces,
and éonnecting passageways also receive this seme paint system.
Siﬁilarly, specifie'rebOmmendations.are-available for painting ship .
exterior surfaces. These surfaces, especially those exterior areas
above the boot topping where free access to fhe atmosphere 1s readily
available, are not considered too pertinent to this report. Paints

on interior walls on hangar deck bulkheads should be considered as

contributing to possible fire hazards and are included in the following

discussion.

Plagtics and Thermal Insulation Materdals Aboard Ship

4. Fiber glass insulation (4) is used almost exclusively on surface
ships. This material should not cause fire problems. Polyurethane
foam has practically eliminated corkboard in refrigeration systems.

In submarines some proprietary insulation materials are used of which
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Y"Ensolite" (5) is typical. While the exact composition of this material
is unknown, it contains substantial quantities of polyvinyltchloride.
Detectable toxic conditions have occurred in submarines with the use -
of Ensolite which were traceable to the chlorinated solvents in the
adhesive by which it is applied. This practice has been eliminated in
submarines. However, the polyvinyl chloride in the Ensolite could
serve as a source of chlorine or hydrochloric acid during burning or
thermal decomposition, If similar materials are used on surface ships,

they will also present fire end toxic hazards.

Electrical Insulation Materials
5. As a result of the fire aboard the USS CONSTELLATION (CVA-64)

while under construction in Dedember 1960 at the New York Naval Shipyard,
theré was strong evidence that the flames had beeh propagaﬁed through

maﬁy compartments of the ship along the ship's electrical cable wire-ways.
There was particular concern that groups of cables (especially when insu-
lated with polyethylene) could propagate flame through collars in non-
watertight bulkheads. The Materials Laboratory,Néw York Naval Shipyard,
investigated this possibility, and their findings (6) demonstrated, in
fact, that fires could be propagated thréugh non-watertight bulkheads by
polyethylene-insulated electrical cable. This work showed further that
'propagation of fire through bulkheads could be arrested by "stuffing boxes"
containing a mineral-type filler made by the Johns-Manville Corporation

and referred to in reference (6) simply as "Code A Compound." The damage
caused aboard the CONSTELLATION was among the most severe ever sustained ;

by a major ship during construction. The extent to which losses in

44




electronic equipment were sustained is described by Shor and Milano (7).

Much of this loss was attributed to the electrical‘cabling in the fire-
affected area. ' This cable with polyethylene insulation was suspected
of feeding the fire, and its decomposition products contributed

materially to the composite damage.

6. Discussions with Mr.'Frank Richardson (Code 6157E) NAVSHIPENGCTR
revealed that all known organic insulation materiai for electrical wire
and cable Will‘propagate fire through bulkheads unless there exists
positive means to arrest the flame. To arrest fire, stuffing boxes

are now required, as described in reference (6), wherever electrical

cable passes through non-watertight bulkheads, and these are considered

effective in arresting flame propagation by this route. Almost all
types of electrical insulation can be found aboard ship. Howevér,

where possible, the more flame-retardant types, such as nylon, are used.

7. Various tests conducted under the auspices of NAVSHIPENGCTR (Code
6157E) have revealed other interesting facts concerning the flammability
of plastics. Among these are the following:

(a) Fiber glass-filled.plastics, such as nylon, will burn much

more readily than unfilled pure nylon material. (NRL's observations

. on filled and unfilled coatings support this conclusion.)

(b) Even an organic campound considered to be self-extinguishing
will propagate flame if, while exposed to heat, it melts and is wicked
into a material such as the wire armour usedvon most ship‘cables.

(¢) Presently NAVSHIPENGCTR (Code 6157E) is concerned with the

possibility of fire propagation through fully enclosed metal channels
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.and troughs which are widely used in ship construction. It'is not known,
for example, whether these enclosed areaé would teﬁd to extinguish and/
or confine the fire in the trough-ways, or,‘on the other hand, might
act as chimneys or flues which would hasten the spread of the fire.

(d) Fluorescent lighting is widely used aboard ship, and the lenses
of these fixtures usually consist of acrylic plastic which will burn.
The possibility of replacing these lenses with polycarbonate is presently
under investigation. While this material is not self-extinguishing, it
burns with a dull-yellow, low-héat flame énd produces no known toxic
degradation products other than those of normalioombustion.

(e) A major problem is the provision of emergency lighting for
smoke-filled corridors and compartments aboard ship. Presently there
is no satisfactory solution of this problem. fhe-heed for .such lighting, i
of ‘course, is two-fold: (a) to aid in the evacuation of personnel from
these spaces and (b).to assist damage cbntrol parties in their movement

about the ship to extinguish the fires.

eck Coverin

8. Innumerable types of deck covering are used on surface ships.
These include deck tile (composed largely of polyvinyl chloride), slip-
resistant coverings, rubber terrazzo, rugs and pads, vinyl foam surfaced
with vinyl sheet, and rubber mastic. The deck tile is a fire-retardant
vinyl asbestos (8). This material, whiéh contains only 10% polyvinyl
chloride, is extensively applied to the interior metal surfaces of most
surface ships. The rubber mastics approved are all proprietary materials

with unidentified compositions. No data are available on their fire-
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retardant or toxic qualities. Rugs are normally 100% wool, since no

synthetics have been approved for shipbdard use. While wool rugs
have a tendency to burn, nylon or orlon will melt and decompose in .

contact with extreme heat or flame.

Toxicity Hagards Associated with the Above Materialg

Paints

9. It is generally assumed that paints applied as descrlbed in
reference (2) do not contribute appreciably to the ultimate gize of

a shipboard fire mor to the toxic gases associated with it. This
assumes, of course, that only a relatively thin film is present which
is normally self-eitinguishing when the sourcé of ignition is removed.
The hazards associated with thick films of paint were discovered
earl& in World War II, when thick paint accumulations in the ships
lost or damaged at Pearl Harbor were shown to contribute to the extent
of damage and casualties caused by firé and noxious fumes. This
experience was responsible for the existing épecifications limiting

the accumulation of paint on bulkheads to 5 mils.

10. By limiting paint thickness, it becomes exceedingly difficult for

a fire to spread between compartments as a result of the paint igniting

. on the reverse side of a bulkhead against which a fire is in progress.

Similarly, the continuance of combustion along a corridor or passageway
is unlikely from the burning of the paint film alone. In order to
eliminate even these prospects, fire-retardant paints were developed

by the Industrial Test Leboratory, Philadelphia Naval Shipyard (3),
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retardant or toxic qualities. Rugs are normally 100% Wool,’sigcé’no
synthetics havé been approved for shipboard use. While Woo;/}ugs
havé a tendency to burn, nylon or orlon will melt and decompose in

contaci.with extreme heat or flame.

Toxicity Hazards Aséociaied with the Above Materialé

Paints | |

9. It is generally assumed that paints applied’as'described in

reference (2) do néﬁkcontribute,appreciably,to the ultimate size of

a shipboard fire nor\£q the toxic gases associated with it; This

assumes, of.course, thaf\gnly a relativeiy thin £ilm is present which
is normally self-ektinguisﬁing when the source of ignition is removed.

.It should be recalled that thé\hazards aésociated with thick films of

painf were found early in Wbrldxwgr II, where accumulations of thick

fiims of paint in the ships lqs% 6};damaged at Pearl Harbor were

shown to contribute to the eitent of\damage'and toxicity by fire.

This experience was respon31ble for thé\ex1st1ng speclflcatlons limiting

the accumulation of palnt on bulkheads to 5 mils.
\

lOf By limiting paint thickness, it becomes\9xceedingly difficult for
a fire to spread Qetween compartments as a resui? of the paint igniting
. on the reverse side of a bulkhead against which ;K ire is in progress.
Similarly, the'continuance of combustion along a co}ridor or passageway
is unllkely from the burning of the paint film alone. In order to
ellmlnate/éven these prospects, flre-retardant paints were developed

/
by the Industrial Test Laboratory, Philadelphia Naval Shlpyard (3),
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and their use is recommended in reference (2) for all interior surfaces.
Two techniques are commonly employed to fender painis fire-rétardant.

One of these, and by far the most common, isvto prepare them from a poly-
meric resin containing an appreciable amount of chemically-combined halo-
gen, usually chlorine. The second technique is to employ pigments and

| additives, which when subjected to heat, intumesce to create a frothy
noncombustible material. The latter, however, are relatively poor-quality
paints and ha&e'not been considered seriously for shipboard use.

11. Deviations from recommended.practices’are known which may have con-
tributed considerably to existing hazards, some bf which were‘apparent

on the USS FORRESTAL. In checking with the Chemical Laboratory, Norfolk
Naval Shipyard, who inspected materials which went into refurbishing the
FORRESTAL, it was learned that quality contrbl én a‘large number of
batches of fire-retardant paint had been so poor that large-scale rejec-
tions were made. As g result, during the FORRESTAL's refurbishing at
Newport News, a shortage of fire-retardant paint occurred,.and it is sus-
peeted that some nonchlorinated alkyd paints wére substituted. It also
"was reported from the Chemical Laboratory that the fire-retardant paint
was not quite équal in gloss and appearance to a nonfire-retardant paint.
Instances have been observed Where, in order to obtain these broperties,
the two paints ha?e been mixed in equal proportions prior to application.
By mixing the two formulations, appearance and working properties of

the resulting material are improved, but fire retardancy is reduced as

shown by studies at NRL and at other laboratories.
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12. In addition to the chlorinéted alkyds, which»are the most widely
used interior coatings, a number of othér paints élso contéin chlorine
ahd are in the fire-retardant category. These include some polyvinyl
chloride, used for coating aluminum surfaces, .and polyvinylidene
chloride (Saran), which is ﬁsed princiﬁally in coating the interiors

of fuel tanks. In same instances materials are obtained from Qualified

Products Lists when exact compositions are unknown.

13. Because they are'organic compounds, all of these paints will burn
when exposed to an intense fire or‘will'décompose when sUbjéct to
extreme heaf. However, the fire-retardant materials are cémpletely

‘ self-extinguishing; i.é;, as soon s the source of ignition is removed,
they will no lohger continﬁe to burn. Fﬁrthermore, the fireQretardant
mate%ials will not ignite ordinarily when heated from the feverée side

of the bulkhead to which they are applied.

14+ While some qualitati?e experiments have been made to determine

the products of combustion and/or décdmpositibn of these paints, little
quantitative data are availgble. Somé information has been developed
on the decombosition of the polymers and'resins'used in these paints,
but these processes have not been studied in the presencevof such

" widely used pigménts as zinc oxlde, titanium oxide, antimony dxide, and
certain goloring pilgments. Early experiments at the Industrial Test
Laborafory, Philadelphia Naval Shipyard, at the time the chlorinated
alkyd enemels were first adopted, indicated that under infense heat the

resulting decomposition réleased some hydrochloric acid. The products
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of combustion, however, can be éxpected fo be different from the products
of thermal decomposition. 'Cqmpounds derived from éombustioﬁ can be
expected to be those typical of the oxidation of orgahic materials,
namely, water, carbon monoxide, carbon dioxide, and hydrochloric acid
from the chlorinated resin. vThe produéts from therﬁal decomposition

are potentially much more dangerous. . These will include, in addition

to those compounds immediately above, such toxic materials as'vinyl
chloride, vihylidene chloride, vinyl acetate, énd possibly ﬁhosgene.
However, the extent to which these compquhds might be formed in a fire

disaster is not known.

15. In order to obtain some estimate of the potential amount of toxic
material that could derive from a typicai ship. compartment painted
with‘a fire-retardant chlorinated alkyd paint, thé followihg apbroxi-
mafion can be made:’ Ih a compartment 10' x 20' x 8', there is an area
of 680 sq. ft. of painted‘surface.and i6OO cu. ft. of space. The surface
required 42 1bs. of dry paint which is 6;5% dhlorine or 2.73 1lbs. This
is equivalent to 1240 grams hydrochloric acid. Wﬁile it is most unlikely
that any considerable fraction of this amount might be converted during
even a severe conflagration, only 7 milligrams pér cubic meter or 5 parts
pef million are permissible as a-threshold limit by the American
'Conference of Govermnmental Industrial Hygienists (9). Thus the potential
exists for a severe situation should pefsonnel be confined to such space

for any considerable period.
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16. While it was reported from the FORRESTAL that some hydrochloric
acid was detected, it is thoughit that a more likely source might have
been the electrolysis of seawater from the fire mains in the battery

compartment .

17. Some carbon monoxide and carbon dioxide will result from the.
decomposition or burning of the paint, but it is believed fhat'this

will be quite small compared to the quantities.produced in the main
fire itself. The following is'a calculation of the amount of carbon
dioxide and carbon monoxide which might be derived from the combustion
or decomposition éf the paint in the same compartment cited above for
the calculation of”hydfocthric acid. Referring to the basic formula
for the chlorinated resin, it requires 34 molecules of oxygen to oxidize
each'molecule of resin to carbon dioxide, water, énd possibly hydro—
chioric acid. In order to détermine the total quantity of oxygen - o .
required, let us assume the paintvto bé 5 mils thick from which it can
be shown that 13.9 1lbs. of resin are present.on the interior surface.

If z represents the total gmount of oxygen requiréd, then the following

relationship should hold.

3 x 32 = _720 (720 = Molecular Weight of Resin)
z = 20.8 1bs. of oxygen required.

Assuming the air in the compartment to be relatively dry at a pressure
of 76 cm. of mercury and 25°C, it should contain 27.2 1bs. oxygen which .

theoretically is sufficient to consume all the paint. Since all the -
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‘oxygen could not be expected to;be consumed eVehly, and since additional
combustibles are present, it is quite‘likely that.éppreéiabie amounts

of carbon monoxide would result, in addition to thé cérbon dioxide.

For continuous exposure in closed spaces, the carbon monoxide limit

has been set at 25 parts per million.‘ 

18. In conclusion with reference to interior paints, a strict compliance
with existing instructions and specifications would serve to reduce, if

not completely eiiminéte, several of the hazards associated with paint.

Exterior Paint

19. On ship exteriors, alkyd and vinyl paints are used. Although the
' lattericontain chloriné, the hazards associated with exterior paints;
as pointed out in paragraph 3, are noét cohsideéed too critical where
products of decomposition or:combustion can pass readily into the

‘atmosphere except, say, during a major conflagration.

Other Shipboard Combustibles

20. Besides thé highly flammable fuels, lubricants, munitions, pyro—

technic materials, and the like, which are found ol board naval ships,

there are large Quantities of other combustibles which, although are
not likely to chuse a fire disaster, #ust alsé be given concern. These

are plastic insﬁiation materials and fioor coverings, ete:, and they

will be divided for convehience as'fdiiowsﬁ

(4) Materibls of Construction-~thermal and electrical insulation,

wiring, etc.
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(b) Furnishings——fufniture, upholstsry, bedding (mattresses,
pillows, blankets, sheets), rugs, mats,»étc; | |

(c) Supplies and Stores--clothing, fabrics, rope, paper, files, , .
statlonery supplies, plastlcs, paints, varnlshes, solvents and thinners,

foods (oils and fats, étc.), chemicals and drugs.

21. The relative hazard of combustibles will depend on ‘many factors
including not only flammability, but the type of ship, the manner and
amount of handling, the nature of operations being performed, and the

types of equipment being used which could ignite a fire.

Areas of Pgssiblé Investigation

R2. Fire-retardanx paints for military use can be divided into two
types: (a) paints for noncombustible substratss such as metals and

(b) paints for combustible substrates such'as wood: The purpose of
type (a) is to prevenﬁ spreading of a fire by a combustible>paint fiim.
Type (b) is used to protect the substrate'by<reduoing'its‘flammability
or burning ratel In order to overcome fhe teﬁdency for violations of
prescribed palntlng practlces aboard ship, such as the dilution of a
flre—retardant material with a nonflre-retardant materlal, an approach
is being made at NRL (10,11) to provide a paint system consisting of two
~coats of a complétely retérdant_ﬁaterial followed by one coat of nonre-
tardant material which provides all the good quality of a normal enamel

and yet the sysfem itself is fire-retardant. -

23. One fact outstandlng throughout this investlgatlon of shipboard

fire problems hds been the general absence of sound, technically-based
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information concerning the contribution of the wide range of materials
found aboard ship. Insofar as can be defermined, bnly the contribution
of paints and electrical cable insulation to shipboard fires has been
methodically investigated. Even here the investigation has been skimpy,
because it has failed to identify qualitatively and quantitatively the
components which were involved in the course of burning. There seems
to have been no effort anywhere to make an overall evaluation of the
shipboard fire problem and coordinate or correlate the bits of infor-
mation spread diffusely through.many offices and activities of the Navy
Department. Even these scraps of information in some instances seem

to be founded more on suppositions than on technical facts. In general,
there is a dearth of documentation to support many of the alleged facts,
with exception only in those areas pertaining fo péints and electrical

insulation.

hort-Te ecommendati
24. In order to insure against any recurrence of fires or toxics contri-
buted by paints, it is recommended that the following be done:

(a) Inspect all bulkheads and ceilings for determination of paint
thickness. If this appears to be in excess of 5 mils, arrangements
_ should be mede to have the old paint removed prior to repainting.

(b) Check existing paint for fire-retardant properties. This can
be done by noting specification numbers of the paint at the most recent
application or by quick analysis of the dry sample of scraped paint.

(c) Check flammebility of bedding, furniture, electrical and

thermal insulation now in use.
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Intermediste-Term Reccommendations

25. Since evidence exists that toxic ma+erials may be forméd from -
decomposition of the existing fire-retardant paints, piastics, and
other solid materials already discussed,_it isvrecommended that appro-

| priate laboratory work be‘inétituied tqldetermine'quéntitatively the
composition and potential toxicity of . the decomposition products evolved.
Recently aﬁailable infrared and rapid-scanning mess spectrometric
methods usedﬁiﬁ conjunction with gas-liquid chfomatographs méke practi-'
cable the rapid cheﬁical analySié of evol&ed gases and vapors from a
wide variety of commercial or new broducts. With.such data,vit should
be possible to determine the extent to which such fire-retardant
‘materials may be used in closed spaces without producing unacceptable
hazards. Assuming that such investigations reéeal'the presence. of
intolerable typesand_concentrations'of dgcgmposition products, refor-
mulation of existing fire-retardant matérials should be undertaken té
eliminate such sources. This might be done, for example, by omitting

a pigment combination, such as antimohy.oxide'with halogen-containing
materials which react when heated together in a matrix, such as in a
paint film. Hopefully, a éombination could be oﬁtained whose decompo-

sition products would be tolerable.

= e Rec at
26. Chlorine has‘been used largely invfire-retardant protective
coatings because of its availability and the ease with which it can
be substituted in the‘organic gtructures of_ﬁany polymers. The literature

suggests that bromihe is considerably more effective in retarding fire,
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and perhaps the preparation:of bromine-contaiﬁihg.polymers could produce
materials requiring smaller‘qmountsiof hélogeh. waever,’the stability -

and toxicity of such matérials would need review or investigation. .

- 27. Many déﬁpoﬁndsAgf‘phosphorous dispiayAe#éépfional thermai stabilities
and flame-rétérdaﬁt properties. In viéﬁ of the existing situatién, a
re-eXamination of known polymer strﬁéfqres containing phosphorbus might
reveal potential materials which would be 1ess;toxic than thoée

containing halogen..

28. 'AnotherfpromiSing approach isva seérch for'cétalytié additives to
cellulosic materials which would have the'effect of making that
'materiai‘flameproof. ihe addition of such a catalyét (Lewis acid or
base) has the effect of dehydrating the bésic ﬁoleéule as temperature
is raised with the formation;ovaatér and qarbbn. “No volatile gases or

- .other combustible materials are produced in such a reaction.

29. As a corollary to these approéches, a thorough investigation of
the mechanisms of fire retardancy may point to new means of reducihg

combustibility in materials.
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‘Section IV, Shipboard Fife Hazafds of Pyrotedhﬁics and Explosives

by Dr. J. E. Ablard =
. U.S. Naval Ordnance Laboratory
‘White Oek, Silver Spring, Maryland

Fire ﬂazards wi}h Exgoiechnlcs

1. There are three general classes of pyrotechnics to can51der from
the standpoint of their compositidnsa

(a) Jellied gasoline (Napalm)

(b) Comp031tions contalning metals which replace hydrogen in water

(e) Thermites

2. In the Jellieg gasoline class, the pyrotechnic contains only fuel.
Oxygeﬁ from the air is neépssary for combustion as well as providing a
heat source for ignition. The 1atter is’usually.éuppliedﬂby a material

such as phosphorpus_which sponténeously starts to burn when exposed to

~air. The complete munition also.contéins same method for propulsion,

which may be an explosivé or & gas-generating prdpellant; However, the
propulsion device is nearly always so well buried within the bomb that

there would be a considerable delay before it prematured in a fire.

‘3. The obvious procedure to minimize damage from a Napalm bomb exposed

to a gasoline fire would be to fight the gasoline fire in the recommended

way. No prbgrém, either short;rangevdr long-range, has occurred to us

" to reduce the fire hazard from a Napalm bomb. However, some of the

programs to reduce the hazard of fuze operétion in a fire which are
discussed below are applicable to Napalm munitions which may have such

fuzes.

59




s The class of pyrotechnics containing water-reactive metals may or
may not also contain an oxidizing agent; This class incluﬁes flares,
photoflash bombs and cartridges. The particular hazard in this class
is that if a fire once starts, whether between the metal and air, or
between the metal and its okidizer, the water can contribute to the ' -
fire rather than smother it. It has been shown that large amounts of

water can cool down a small magnesium fire to the extent that the flame

is extinguiéhed. However, the hazard still remains from hydrogen which

continues to be evolved and which is extfemely likely to explode.

Furthermore, the ability to cool é magnesium flame with water is certainly

dependent on the ratiq'of burning magnesium‘to water. It is unlikely

that a large magnesium fire can be smothered with a reasonable amount

of water. Considerable gquantities of sand or-graphite are the recom- . .
mended blankets. These are not particularly available at sea. Since
these items are stored in a locker sepafated from all other items, a

quick jettisoning device might be feasible. .

5. It was assumed in the preceding paragraph thét the magnesium fire

had already started. In several recent cases, flares have been ignited
inadvertently as the result of prematuré fuze action. This Laboratory
has recommended that pyrotechnic fuzing be revamped to provide environ-

mental safety as is contained in explosive muniticns.

6. The R and D programs to be recommended for this class of pyrotechnics
are:
(a) " Replace current fuzing with types that require some force generated -

by the environment which is experienced only when the weapon has been deployed.
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(b) On a longer-térm basis, attempt to replace magnesium in
flares by some thermoluminescent material. Magnesium is_both a heat
generator and a light generétor. All-the.other metals thch even
approach magnesium in this regard are also water—reactive. Howevér,
a.cerium oxide gas mantle gets its heaf from another chemical reaction.
Thus one system is known in which the heat-producing material and the
light-producing material are sepafated. Perhaps_if attentioﬁ could
be drawn to thié possibility, a flare could be developed which dia
not require magnesiﬁm, Thisjsuggestion‘has been considered before but

not developed due to its apparent high cost.

7. The third class of pyrotechnics, labeled thermites, in addition to
the aluminum iron oxide materials which traditionally bear this name,
should include all the metal-oxides, metal-chrométes, metal-perchlorates,.
metal-nitrates,-etc.' In these miitures the metal components do not
react exothermically with water to produce hydrogen. These are usually
easily ignited, and considerable heat is produced per gram of mixture.
They do not normally burn to a detohation. In munitions they are
extremely useful because.of these qualities, but they are very seldom

- required in quantities greater than a gram or so per munition. There-
fore, they do pot in themselves represent a fire hazard. vOn the other
hand, their purpose is to set off propellants or explosive trains. The
methods to be recommended for reducing the hazards due to these materials

are therefore the same as those to be discussed below under explosives.
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4 Fire Hazards from Exploéives
8. It is convenient to separate explosives into three claéses dependent
on their uses in munitions: primary explosives, booster explosives and
high explosives. The most important primary explosives used by the Navy
today and for the foreseeable future in conventional weapons are lead
styphnate and lead azide. Fortunately, they are very stable to heat;
but in addition, they are only used in Navy munitions ahead of the
safety and érming mechanisms. Hence by design, if a munition containing
them is subjected to a fire, and even if they get hot enough to detonate,
they will cause no further hazard‘since the detonation Will'be stopped

at the safety and arming mechanism.

9. Booster explosives, on the other hand, are used to transmit the
deténation from the safety and arming mechanism to the main chérge.

If they get hot enough'to detonate, they are designed to set off the
main charge. Many fuzes and boosters contain tetryl. Some contain a
mixture known as CH-6 whose explosive compohent is cyclotrimethylene
trinitramine (RDX). Atcmic weapons contain pentéerythritol tetranitrate
(PETN) . Though RDX is soﬁewhat more.resistant to heat than tetryl or
"PETN, all of these explosives are less bhemically stable than the high
explosive (HE) load. Consequently, booster expleives may represent a

severe hazard.

10. The main charge or high explosive charge is also susceptible to
burning to a detonation. The conditions which lead fromvburning to

detonation are not well understood. A continuing effort at this Laboratory
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~and elsewhere is addreséed to £his problem. 'The.need for this effort
was recognized when high ehergy propellénts werevbbserved to burn to

a detonation in rocket motors. However, the key factors which control .
the deflagration to a detonation transition'(DDT) process are still not
known. It has been shown ﬁhat for sméll diameter explosive charges and
probably also for thin layers of explosives, the DDT process takes
place mofe fredugntly and more éertainly when the walls of the coptaiﬁer
are dense aﬁd'thick,_i.e., the explosive is uﬁder "high coﬁfinement."
But there are énoﬁgh cases on record to ﬁake it necessary to suspect
that a large charge of explosive ﬁhich has been heated in arfire for
minutes is likely to detonate whether confined or hot. Thus, all
exploéively loaded muﬁitions, whether fuzed or not, when caught in a

gasoline fire must be treated as likely to detonate.

11, The R and D-progfam reéommended for booster explosives and high
explosives is baéedton the suppoéiﬁioh that after a fire starts, fire-
fighting equipment with profuse quantities 6f water will be immediately
applied to the fire. These suggestions are therefore intended to delay
the initiation of burning and/or delay the DDT process. They will not
‘prevent burning nor reliably prevent deﬁonation if the fire continues
for more than aAfeW minutes. Thus a concurrent program to provide
automatic oi semi-automatic fire extinguishing should be started.

These suggestioné will prévide the neéessary few extra seconds required

to get the gemiautcomatic fire-fighting equipment into full operation.
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12. The ahove-mentioned program is as follows:

(a) Full-scale tests with instrumghtation should be rﬁn to
determine the time to detonation of several munitions in a JP-5 fire.
Some of the components should be dummy explosives in order to determine
which components by their cbmposition and their position in the warhead
are most likely to detonate first. This program is now underway at the
Naval Weapons Laboratory, Dahléren, Virginia, for general-purpose bombs
and the Mk'SOvseries_bombs, but it should be extended to rdckets, |
photoflash bombs and any externally carried pyrotechnic items with and
without igniters and also to fire‘bambs. ’ '

(b)  Wherever performance criteria will}permit.it, thermelly-
resistant explosives éhoul@ be substituted for those now in use. A
specific case which would require little further,research_and development
would be to replace tetryl and much of the CH-6 by hexanitrostilbene (HNS),
. a new thermally—stable explosive.whioh haé already been produced in'
reasonably large quantities and has been réleased for usé in the F111B

aircraft pilot's compartment ejection equipment. -

13. The current list of fhermally-resistant exploslves does not contain
any with high density and high energy eéuivalent to RDX. Thus, some
aﬁplications would sacrifice enemy kill probability for safety in a

fire if direct substitutions were to be made. On the other hand, it

was found that diaminotrinitro benzene'(DATB) used in a pressed plastic=
bonded explosive permitted a high kill probabllity for the Sparrow III
continuous rod warhead. There are other new‘explosives now known‘with'

greater thermal resistance than DATB. A study should be made of ali
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munitions to see which could gain from’replacing their explosives with

thermally resistant explosives without unacceptable loss in kill

probability.

14. A longer-term R and’D.program shéuld be started to provide insu-
lation for the exploéive components in one or more of the following ways:

(a) Increase the thickness of'thé "cavity paint." While this
would be siﬁplest from the availability standboiﬁt, it may be difficult
to do, and it does not seem very reliable unless a method can be
developed to check the boaﬁihg thicknéss.

(v) bévelop a thermoplastic coating techniéue containing asbestos,
silica, or other well~known ihsulating materials which are compatible
with explosives, yet could be deposited in a reliably thick coat on all
cavities to be loaded with explosives. The coating thickness necessary -
for a given delay time to detonation should be determined.

(¢) Plastic cases should be used wherever this will not interfere
With the operation of the munition. Plastiq booster caﬁs, for instance,
would seem to be an easy possibilit& which would not interfere with the

booster effectiveness but would interrupt the path for heat conduction

: from the nose fuze to the booster explbsive. Plastic liners inside of

guided miséile'warheads might be possible and, if so, could insulate
the warhead exploéive. |

(d) Develop a fire-retardant paint to coat over the explosively
loaded parfs. This might be an intumescent,or an ablating coating or
eVeh a sim@lé insulator. In addition, the coating would have to be

extremely tough to enable it to withstand the abrasion of rough handling.
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(e) The current practice is to have considerable quantities of
explosive stores stacked onlcarrier de@ks in various placeg. While
this does not seem to be a desirable practice, it apparently is a
necessary condition. Hence, we suggest that a fire-resistant tarpaulin
be located on the market (dr developed) which could be simply thrown
over such munitions when stored open on decks. It is proposed that
the aircraft cérriers investigate the magazine-to-airplane-launch
sequence to.determine how much of the time thé munitions céuld.be
covered by tarpauiins without intérferihg unacceptably with the operations.
(f) There are now almost as ﬁany ways of determining the relative
"cook-of £ times or temperatures as there are laboratories engaged in
work on explosives. vit is well khown, however, that explosives follow
the general heat conduction equation with an éxofhermic term depending
on the chemical reaction raﬁe constants. All of the separate methods
. should depend on»thg same thermal diffusivity, heat of reaction and 
reaction velocity constants. Computer programs already‘exist at
sevéral laboratories for computing these constants from temperature~
time data. Full-scale tests are being run at the Naval Weapons Laboratory,
‘Dahlgren, Virginia, and probably will continue in the future. A study
should be.madé of the several ways of making the tests--probably it
should include.épplication of the computing programs to correlate the
small-scale tests with the actual full-scale tests. The outcome of the_
study would bé a recommended laboratory procedure for testing the
relative susceptibilities to ignition which,‘in turn, wdﬁldvprovide
the fundamental constants best able to reproduce the full-scale ekperience.

The method of reporting the results would be an important aspeét to consider.
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(g) A long—range'synxhesis program shouid:be continued to search
for thermally stable eXplosiVes with energies at least equivalent to
RDX. A shorter-range program should be addressed to improvement in
| the method of making HNS and perhaps other useful thermally-resistant
explosives now known.’ . | 1

(h) The detonation trensition (DDT) study should be continued
with the hope of dealing more effectively with the question of conf1ne~

ment on rate of DDT. . It may also lead to ohemical means for delaylng DDT.

Eecomnenda;ions on Fire Hazards with Pyrotechnics
15, Short-range programs.
(a) Provide quick jettisoning equipment for these items.
(b) Revamp the fuzes to provide better safety in handling.
16, Long-range program.

(a) Develop chemical light sources which do not contain metals

that react rapidly with water.

17. Short-range progrems.’

(a) Replace tetryl in boostérs and fuzes with HNS.

(b) Full-scalé tests of mmnitions with insttumentation in Jp5
fuel fires. | ' |

(c) Increase the thickness of éavity paint as a thermal insulator.

(d) Use plastic cases to contain the explosive wherever possible;\

(¢) Use fire-resistant tarpaulins over ‘minitions dored on deck.




~18. Long-range programs.
(a) Develop explosive‘qompounds and mixtures'which_aré thermally
resistant but are more energetic than HNS, DATB, or those now available.
(b) Develop a new caﬁity coating whichvcan~reliably have a given
thickness and has better inéulation properties.

(¢) Develop a fire-retardant and abrasion-resistant paint.

(a) Correlate various cook-off tests through use of the.differenﬁial
equations of heat flow with chemical reaction;

(e) Continue detonation transition (DDT) program.,
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Section V. Fire Hazards of Propellanté, Explosives
and Incendiaries on.Shipboard:
by Ad Hoc Committee*, Dr. A. S. Gordon, Coordinator

- Naval Weapons Center
China Lake, California

[ntroduction

1. In addressing the problem of reducing hazards of propellants,
explosives, and incendiaries in.shipboérd’operations,'the Naval Weapons
Center Ad Hoc Committee'endeavored to identify the'areas of greatest
hazard. Baséd on their background, short, intermediate, and long-term
recommendations are”made'forvthe‘solution of this complex and diffi-
>cult problem. The‘Committee'wants to émphasize'that ma jor attention
should be on thé areas which are mentioned. The suggested éolutions are

t0 be regarded only as possible Starting_points for further investigations.

2. Based on recent traglc naval experiences, the Committee is aware

that fuels and ordnance** both present hazards, and that the combina-

“tlon of the two can increase the total hazard very much more than the

sum of the separéte hagards. In a flame environment all ordnance items
are_extraordinarily dangerous, and usually bombs present the major

hazard.

* Committee ﬁembership given in Appendix

#*% As used in this report, ordnance includes rockets, missiles,
incendiaries and munitions.
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'Recommendations

Electrical Firing Circuits
3. Since a rocket befofe burnout is an excelleént mobile igniter for
fuel, the prevention of an electrical-igniter malfunction can be of

paramount importance.

b ‘Until‘an intermediate solution'can_be effected, it is recohmended /
as a short-term measure that electrical ordnance leads not be connected
to the aircraft until the aircraft has a clear field of fire which it

maintains until takeoff.

5. From discussions with personnel who have had recent service on

' aircraft, it appears that a passive, but safe, stray-voltage check
which can sense both AC and DC on a high-and léw-sénsitivity scale is
not now available. As an_important shortfterm measure, it is recom-
‘mended that an adequate supply of-such impered meters having adequate
reliability be made availéble to all personnel cohducting‘stray—

voltage checks.

6. It is recognized that newer aircraft_which carry a very heavy load
of various ordnance will seriously impede launching operations if
present arming procedures are conducted immediately prior to launching.
A short-term meééure recommended is a modification of the present one-
wire system. Ali‘the,"hot" leads shouid go to a malti-pronged plug
which would be comnected to a mating plug on the aircraftlonly when

the aircraft is on the catapult. Until that time & dummy shorting-plug
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‘should be in position on the multi-prong ordnance plug. This would
permit arming the individuallweapons "pack in the pack" prior to
start of aircraft. However, special precautions should be teken to

assure the plane becomes armed just before takeoff.

7. A long-term récommendation is thatAthe electrical firing circuits
should be redesigned and installed. ‘One possible solution is the use
of an insulated and shielded two-wire system. 'All.switches should be
double pole, in order to break and make both the ground and thebhot

gide together. A1l grdunds should be terminated at one common point,
including the wire shield. Such a measure requires modification of

“all aireraft firing circuits and stored ordnance and, therefore, will

need long-range planning and action by the Navy.

The Problem of Ordnance "Cook-Off"

8. As noted earlierhlwhen a fuel‘fire occurs in the vicinity of an
aircraft loaded for combat, the greatest danger is the detonation, or
very fast burning, of bombs. All bombs should be tested under the
most severe conéitions of exposure to flame with detonator and bobster
in place. Enbugh tests should be performed to give the results statis-
$ical reliability. A minimum "cook" time before explosion should be

- established befofe accepting the ordnance for shipboard use. This

approach is an intermediate-term recommendation.

9. Intumescent and heat-radiation-reflective paints which are available

at this time should be tested on ordnance in order to increase the flame
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exposure time before violent reaction. For intermediate-term action
it is recommended that the technology Qf coatings'which are used to
protect re~-entry vehicles and propellant motor nozzles should be _ -

explored for thelr application to the above problem,

10. - NOL, White Oak, Maryland and NWC,»China Lake, California have
developed.high—temperature—resistant'explosive campositions. Work
in this area. should be funded on a continuing basis as long—range
research in order to develop explosives which will survive flame

environments for even longer times than present_compositioné.

11. Since we believe an unconfined explosive is much less dangerous
" in a flame environment than a confined explosive, the possibility of
developing a segmented case whose connections separate rapidly in a

flame environment should be funded as a long-term investigation.

bFaulty Wiring »

12. Fires may also start in aircraft due to.faulty wiring and spread
via burning insulation. Since NASA has recently given considerable
attention to this problem hecause of the Apollo disaster, it is recom-
mended that NAVORDSYSCOM review a recent.NASA report (1) in order to
defive any possible benefit from advances in wiring stemming from

recommendations made in that report.

Flares and Incendiaries
13. Flares and incendiaries present a unique, special hazard since ) l

they contain magnesium or other light metals which vigorously react
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with water when they are in their burning configufation. Special
‘techniques have been devised by NAVDAMCONTRACEN, Naval Base; Phila-
delphia, Pa., for fighting M£—24 flaresAand-magnesium fires (2). It

is recommended as an early or intermediate-term measure that the abéve
method be reviewed early and when adeqﬁ#tely tested that the necessary
fire-fighting equipment be supplied to the fleet; also it is recommended
that persdﬁnel handlingvflares and incendiaries be trained in the

special fire-fighting techniques.

Pop-Up Fire Nozzles

14. A viewing of the motion picture film teken of the FORRESTAL deck
during the conflagration of July 1967 suggests that pop-up, high-volume,
fire-fighting nozzles would have been very useful. It is recommended
as an intermediate-term measure that these nozzles be adopted and that
théy be remotely controlled and capable of vertical as well as hori-.
zontal articulation. - Such nozzles would have the further advantage of

minimizing personnel exposure during a fire.

Camera Coverage

15. As aids to developing knowledge of how to improve safety, a short-
ferm recommendation is made that unmanned and manned camera coverage of
_all operations involving ordnance handling and fueling of aircraft on a
carrier be recorded on a continuing basis. The careful viewing of such
film will uncover practices which may present severe safety hazards.
The film will also be most useful to design engineers to guide their

efforts to design equipment and ordnance to minimize hazards. We do
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not recommend this film be used in order to obtain a basis for dis-
ciplining individuals but rather as a method of teaching.how to

improve present shipboard practices.

Preventive Maintenaﬁce of Shipboard Eledtrical Switches and Controls
16, Simple electrical limit switches 6n elevators and other switch
‘gear or controls break down during operation. Since sufficient
replacements are not on the Ships Spare Allowance List, switches are
by-passed pending the repair of the defective switches, thus intro-
ducing'safety hazards. A short-term recommendation is that these items
be included in sufficient quantity on the Ships Spare Allowance List.

| As an intermediate-term recommendation, these switches and controls
should be redesigned to make them more reliable and impervious to

corrosion in the ship environment.

Safety Meetings
17. To supplement the Navy Training Program, a short-term recommen-
dation is that regular, periodic, safety meetings-be held aboard ship,

especially Flight Deck Safety Meetings.
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Section VI.. Shipboard Fire Fighting Methods,
Equipment and Materials
by Dr. R. L. Tuve and Mr. H. B. Peterson

Naval Research Laboratory
Washington, D.C.

Introduction

1. Becauée of the fire and explosion hazards associated with present-
day aircraft‘operations, fire prevention and suppression problems are
more serious and occur more frequently aboard aircraft carriers than
any other type of naval vessel. Sérious problems incident to the
storing and high speed handling of large quantities of JP-5 jet fuel,
pyrotechnic materials, explosives, rockets, incendiaries and ammunition,
and automatic weapons, as well as the rapid 1aﬁnching and recovering
of'jet—engihe—propelled aircraft, all combine to increase the possi-~
‘bilities of emergency fire or explosion situations during peacetime
maneuvers or wartime operations of such ships. In previous sections

of this report, the nature of the combustible and explosive materials
and the sources of ignition on board naval surface vessels have been
discussed, and various approaches for decreasing the associated hazards
have been presented. It is the purpose of this Section of the report

- to review the présent state of tﬁe art of fighting fires aboard such
ships. Finally, recommendations on new and improved approaches for‘

fire fighting methods, equipment and materials will be presented.

Eguipment and Methods Pregently Used on Aircraft Carriers

2. The flight and hangar decks of aircraft carriers are fitted with

multiple air foam fire fighting systems which constitute the first line
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~of defense against fuel fires, the principal hazard in these areas.
These independent systems are collectivély calledvthe HighQCapacity
Fog~-Foam System which was origihally developed by the Naval Research
Laboratory in 1945-1949 (1-4). There has been little modernization

or upgrading of these installations in the intervening 20 years (5-9).

3. The term "Fog-Foam" denotes the foam stream is a wide spray pattern
of particulatevdrbplets of foam as opposed to a loﬁg-range jet. The
foam is formed by violent aspiration of air into high speed jets of
water fo which a foam stabilizing agent has been added. Foém stabi-
lizers used are required to meet a Navy-developed specification (10)
~and are composed chiefiy of partially hydrolyzed proteins derived
from horn and hoof meal, féather meal, of soybeans. At the time of
use the stabilizer concentrate is diluted by mixiﬁg with 15 parts of
water. On aircraft'carfiers each fog-fdam system consists of a 300~
gallon foam-conceﬁtréte storage tank, and a 1000 gal/min water
capacity concentrate-injection station located on the second deck and
is connected directly to the ship's fire main. Risers carry the
resulting foam-making solution up to outlets on the hangar deck and
the catwalk edging the flight deck. CVA's of the FORRESTAL class

have 17 such systems throughout the length of the ship. Sectionalizing
Qalves in the fire mains are used to segregate localized damage and
permit independent operation. Emergendy diesel-engine-driven pumps

supply the fire mains in the event of loss of steam or electrical power.
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4. All fire fighting on the flight deck is sccomplished by dragging

out hose lines from the catwalk in the_event of an emergency. Both
salt water and foam-making lines are provided.' Actuation of the foam
injection station and valves to the lines is accomplished by a push-
button control on the catwalk adjacent to each outlet. The operation
of laying out the hose is time consuming and is often made difficult

by the presence of clesely packed aircraft on the deck. The usual high
wind conditiens on the £light deck add greatly to the difficulty in

attaining a proper fire-fighting position.

5. On the hangar deck hose lines are avallable from the foam system

- in addition to a fixed monitor nozzle which permits foam application

to limited areas without the necessity of having a fire fighter at the

nozzle itself. Actuation of the monitor and hose putlet is by means

of a control at the station itself of from special protected "confla-
gration stations." Water—spray sprinkler systems are also installed
everhead. In the newest carriers these systems aﬁe capable of

spraying foem as well as water in accordence with principles established
by the Naval Research Laboratory (11). The large hangar deck opening

may be segregated by vertical water-curtains athwartships and with

three fireproof sliding doors at times of emergency.

6. At the present time, 15~-1b. carbon dioxide extinguishers are the

only portable, first-aid, fire-fighting devices available on board

naval surface vessels for quick on-the-spot use.

79




7. There are several types of water-fog and water-spray nozzles avail-
able for fighting fires when these fires oceur in."ordinary" combus-
tibles such as WOod,lpaper, and rags. The "all-purpose" hand nozzle
attached by means of a fire hose to the 100 psi. salt water fire main
can be quickly adjusted to jield a loné—range Jet of water or a cone-~
shaped spray. Another device for applying water is the low-velocity
fog applidator which may be inserted into the all-purpose nozzle for
forming densé screens of water particles in coﬁpartment firés or where

gentle cooling and protection from flame are needed.

8. Compartments in which paints and flammable liquids are stored

~ aboard aircraft cafriefs (and other surface vessels) are protected
from fire by installed 50-15. cylinders 6f carbon dioxide with which
they can be flooded. These systems operate to iﬁert the afmosphere
within the compartméntvby displacing the air until the atmosphere is
.made up of 50 percent or more carbon dioxide. The system is actuated
by pulling a release handle outside the compértment. Some systems
also close ventilators and sound audible alarms to warn personnel'to

evacuate the space.

9. Protection against fire in machinery spaces is providedbby hand-
- applicator nozzles connected to 50-1b. carbon dioxide cylindefs and

by portable foam nozzles and foam-injection equipment.

10. Magazines in which explosives and pyrotechnics are stored below
the water line are protected from fire to some extent by high-rate

water sprinklers or by flooding; hence, these compartments can be
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deluged with cooling water. Ready magazines for rocket and pyrotechnic
gtowage on the hangar deck level are also provided with overhead water-
sprinkling systems. However, as was found in the ORISKANY fire, these

systems have insufficient capability to control a major conflagration.

11. In addition; there are two other ﬁypes of portable fire fighting
equipment which deserve mention: (a) the gasoline-engine fire pumps

and (b) the water-motor foam concentrate injection unit or proportioner}
Item (a), the portable fire pumps,.are employed when all other installed
fire pumps may be disabled during an emergency. They are véry light

in weight, delicately adjusted mechanisms, and require a supply of

- motor gasoline. Item (b), the porteble water-motor foam proportioner,
is a device of close machine tolerances which employs the energy of the
flowvof water in a fire hose to inject foam—forming liquid>concéntrate
into a water stream proportional to the flow demand. It was developed

by NRL in 1940 (12).-

Eguipment and Methods Utilized on Other Surface Vessels

12. With the exception of the High~Capacity Fog-Foam System, all of
the equipmenﬁ just described is also employed in surface vessels of the

Navy other than aircraft carriers.

Training Methods Fmployed for Shipboard Damage Control Personnel

13. If fires are to be combatted successfully aboard ship, much more
consideration needs to be given to the educational methods which are
being employed to train persomnel and familiarize them with the various

special devices and techniques necessary. Because of the extreme vari-
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‘ability of fire emergency situations on aircraft carriers, as well as
other surface vessels, autamatic fire—fighting systems havevbeen
installed, but on a basis that does not afford total protection.
Education, training, preparedness, and the exercise of good judgment
are still necessary‘to'contfol and to éxtinguish efficiently the kinds

of fires to be expected on ships.

14. In response to World War II combat needs, a nﬁmber of Damage
Control and Fire Fighting Training Centers were established at ﬁarious
naval Stations during 1943-1944. An educational curriculum was set up
at that time which included lectures in the elements of the chemlstry
of ignition and combustion and classroom demonstrations of the various
kinds of fire fighting equipment aboard éhip. . The trainees were
expoéed to actual fire fighting "problems" insidé & simulated ship's
structure. Therevweré also fire-extinguishing exercises by companies
of trainees who menned lengths of fire hose while a "nozzle-man"
directed foam or water fog on an open oil fife in a steel vessél or
open pit. Much brute strength was demonstrated aﬁd soot-blackened skin
resulted during these demonstrations, but the main wyartiime lessons
taught were "Don't give up the ship" and-"Conquer fear of fires and
flames." With the exception of the addition of a simulated High-
| Capacity Fog-Foam Installation at the Naval Damage Conmtrol Training
Center in Philadeiphia, this curriculum has been basically unchanged
from 1945 to date! Air personnel who handle flight and hangar deck
fire fighting are trained in an Aviation Boafswain's gchool in Lakehurs£,

New Jersey.
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'"Light Water'" and "Purple-K-Powder!

15. The development of "Light Water" fpéms by NRL in 1964 le) has

been a major advance in improving the effectiveness of fire-extinguishing
foams. This material is a blend of flugrinated surface-active compounds
plus an ethylene oxide'polymér for an_édsorbed bubble stabilizer. When
this foam is applied to a liquid fuel surface, a water-containing film

is generated, thrpugh the process of foam decay, which floats and

spreads sponfaneously to cover‘the fuel surface with a film which
prevents further release of fuel vapors. .This behavior of water floating
on the lower specific gravity fuel.is due to the fluorochemiéal surfactant
used and isvthe basis for the name "Light Water." NAVAIRSYSCOM has

" successfully been emplbying "Light Water" at Naval Air Stations since
1964+ At these Stations "Light Water" has beeﬁ teamed with a potassium
bicarbonate-based_dry chemical extinguishing agent (Purple-K-Powder or
P-K-P) in a dual agent technique (14). The purpose of the dry chemical
agent is to provide a heat shield for the fire fighters and to achieve
the fastest possible "knock-down" of the fire. The "Light Water,"
applied simultaneously covers the fuel surface after the cloud of
chemical has drifted away and prevents rekindling of the fire. Purple-K-
Powder is also an NRL development (15). It is twice as efficient as the

. sodium bicarbonate materials previously employed for fighting fires.

Short-Term Reqomméndagions

16 The High—Capacity Fog-Foam System on aircraft carriers has been
outmoded_by equipment design resulting from research progress during

the past 20 years. Present complicated methods of operatién of shipboard

fire-fighting equipment have been widely shown to be ummecessary by
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intervening developments since the original design in 1945. Therefore,
the following recommendations are made; |

(a) Comparatively simple changes in valve controls and foam-
forming equipment caﬁ be recommended now and should be immediately
planned to increase thé speed of response and reliability of this system.

(b) Methods of high-flow proportioning and storage of foam concen-
trate have been developed since 1945 by NRL in cooperation with industry;
gince they afe gimpler and less susceptible to failure thanvthose now
used aboard aircraft carriers, they shouid be adopted.

(c) Because of the evidence that the fire-fighting systéms are
not adequately inspected and maintained by the ships' forces, a system
for compulsory periodic test operation with foam of each fire-fighting
unit should be adopted promptly. On—board obsérvations by . NRL repre-
sentatives in 1966-1967 of the ORISKANY, RANDOLPH and INDEPENDENCE
indicated inadequate_inspection of these systems. The only available
motion picture films of the FORRESTAL disaster showed the extremely
slow respohse of the systems; whether that was due to mechanicdl or

personnel failure could not be established.

17. The problem of obtaining more prompf response with sufficient fire-
extinguishing material to a fire in its early stage of development and
spreading onithe hangar or flight deck of a carrier has always been
difficult and fraught with compromises .' At the commencement of the
FORRESTAL disaster, the initial JP-5 fuel fire om the flight deck
appeared'to cover only about 600 to 800 sq. ff. where it burned for

approximately two minutes before the first explosion occurred. It is
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bélieved that the promp£ employment of the NRL "Twinned-Agent Unit"
‘gimilar to the equipment used on Air Stations to attack this fire could
have fully extinguished it within 20 or 30 seconds. A mbbile unit of
this type parked at the island with a trained and alert crew of one or
two men could have reached the fire in about 6 to 10 seconds. Accor-
dingly, the Twinnéqugent Unit was modified at NRL immediately after
the FORRESTAL disaster from the configuration and vehicle now used at
Naval Air Stations and in industry. Enclosure (A)Villustrates the
modification designed and recommended for use on carriers. On 15 August
197, demonstrations of the system were performedvat NRL fof~VADM T. F.
Connolly and on 17 August 1967, for ADM J. S. Russell. Promptly
~afterwards an emergencﬁ proéurement of ten cbmmercially—produced units
similar to Enclosure (4) waé ordered by élassified.TWX by the Chief
of_Naval Operations (16). Air shipment of these ﬁnits, thfee to each
carrier on "Yankeé Station" in the China Sea, were to be completed by
‘20 September 1967, less than six weeks after the FORRESTAL fire. An
NRL technician will conduct a new training course at Naval Air Station,
Cubi Point, Philippine Islands in the operation of the units for |
carrier-based fire fighters. A second-ggneration design of 70 additiomal
"Shipboard Twin-Ball Fire Fighting Units" for fleetwide carrier instal-
lation has been authorized by telephone from CNO (OP-05), and design

engineering of this model has been centralized at NRL and is underway.

18. The request has been made by CNO to NAVSHIPSYSCOM to equip the
FORRESTAL flight deck with flush, deck-mounted, foam nozzles during

her rebuilding period. It is strongly urged that these designs and
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~other systems of flight-deck fire protection be worked out by NRL

personnel in consultation with NAVSHIPSYSCQM engineers.

19. Replacement of World War II, 15-1b. portable, carbon dioxide,
first-aid extinguishers with the vastly more powerful potassium bicar-
bonate dry chemical (Purple-K-Powder) éxtinguisher with six-fold more
efficient flame-quenching capacity per pound has recently been‘insti-
tuted by NAVSHIPSYSCQM (6154F) authorities. Purplé-K-Powder is widely
used by NAVAIRSYSCOM and industry. Fleet allowances of the new

extinguishers should be completed as soon as possible.

20, After several serious and crippling fires had occurred in the
machinery spaces of several ships, NRL (Code 6040) was requested by
Ships Command (Code 6154F) in 1965 to conduct fire'tests in the ship
mock-ups at the Naval Damage Control Center in Philadelphia, using
combinations of "Light Water" with Purple-K-Powder. It was determined
that fires of the type occurring in these spaces could be'extinguished
in about one-fourth the time by the use of "Light'water" and Purple-K-
Powder as compared with existing methods based on the application of
water spray dr carbon dioxide and air foam (17). Ship equipment

designs to incorporate these results should be initiated by'NAVSHIPSYSCOM.

21. Pyrotechnic fires of the type which occurred on the CORISKANY are
almost impossiblebto control, if they ére allowed to reach a magnitude
where large masses of combustibles intermixed with their own source of
oxygen (sodium nitrate in that disaster) reach their ignition point.

Instead of permitting the great volume of gases produced to blow-torch
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into the ship's interior, there should be separated stowage of pyro-

technic units which vent to overboard. It is interesting to note,
that complete ektinguishment of a Mk 24 maghesium flare can be easily
and safely accomplished by aiming the jet from the water nozzle directly

into the burning flame mixture at the end of the flare.

22. A constantly recurring fire problem aboard ship involves the
inadvertent ignition of deep-fat in frying applianées. Evidence existsv
that protective high-limit thermostats have failed in certain cases,
allowing the fat to reach autoignition temperatures of about 640°F.

Some cases of fire in unattended fat fryers not equipped with thermo-

~static cut-offs have also been reported. A very interesting solution

1o the extihguishment, confrol, and quick cooling of these fires has
been worked out by NRL. (Report in progress.) Water aloné cannot be
used to control such fat fires because of the severe frothing problem,
and other flame-eitiﬁguishing agents do not cool the fat sufficiently
to prevent reignition; however, when potassium caﬁbonate‘solutions

are sprayed into the hot fat, saponification ensues. The carbonafe
solution must also contain a suitable an#ifoaming agent, in order to

attain the cooling action of the water without boiling over fat from

the container. It is urged that this extinguishing agent be fleet

tested by NAVSHIPSYSCOM in the near future.

23. Present methods of instructing shipboard fire fighting personnel
need study, revision and modernization. Introduction of new courses

of study and devices for developing practical familiarity in handling
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do much to increase the readiness and the efficiency of fire fighting
teams in ship fire emergencies. Instruction and practice for major

fires are badly needed also.

R e Research and deﬁelopment of more efficient and useful equipment
for fighting shipboard fires have alwayé been motivated by "ex post
facto" needs. Past catastrophic ship fires prompted immediate short-
term action by naval bureaus which led to installation of almost all
of the fire-fighting devices and systems now found on naval vessels.
However, once the apparent gap in specific fire protection capability
appeared to have been closed, support for R and D on fire fighting
systems soon vanished. Newly designed ships have shown evidence that
little attention had been given to the redesign and modernization of
the 5ld often hastily-designed fire fighting systéms. Although the
miésions of naval vessels and their modes of operations have changed. ’ -
substantially, concurrent changes in shipboard fire protection systems

and equipment have not kept pace with new or‘increased hazards, and

this has been especially true of aircrafit oarrieré. More awareness of

new advances in R and D on fire fighting methods and their application

to shipboard problems on the part of shiﬁs' equipment design and

allowance authorities needs to be promoted.

Lntermediate-Term Recommendations

25. In addition to the utilization of "Light Water" in the vehicle- ~
mounted Twinned-Agent Unit for mobile operation on the flight deck and

hangar deck, i1t would be highly desirable to use "Light Water" in the
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High-Capacity Fog-Foam System. ‘However, the présent formulation is not
fully compatibie with seawatér. Hence,‘hew'formulétions_coﬁtaining
fluorinated surfactants to further improve "Light Water" and make it
more effective with seawater are needed. These are now being investi-

gated by NRL, the 3M Cémpany, and the Dupont Company.

26. Further knowledge is required on the behavior of the preséntly
used agents,-such as "Light Water" and Purple—K—PoWder, under the
unusual wind conditions which are normal for the flight deck of aircraft
carriers during operations. It is ‘also necessary to determine the best
"mix" of agents and techniques for their most efficient application.

- This program should inélude'investigation of the use of fixed foam-
making equipment on the flight deck and ﬁhe possible use of ships' wash-

down systems.

.27. Application of "Light Water" from an airborne helicopter should.
be investigated further, because it offers good possibilities for
reaching into the "pack" of aircraft bn.the flight deck where access
by even hand-pulled handlines is exceedingly awkward and difficult.
This conceptbtakes on added feasibility because 6f the existence of
the "angel" helicopter normally hovering immediately off the flight

- deck during all flight operationé. Previous experimental work done
by NRL has shown that helicopter application of "Light Water" is

highly effective for aircraft fires on land situations (18).

”8. Exploratory studies are needed to find chemical compounds which are

more effective than potassium bicarbonate for quenching fires.
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29. Present light-weight, portable, fire pumps operate on highly
flammable motor gasoline. Develqpment»df portable pumps to operate

on a high flash-point fuel would reduce fire hazard. Preferably,

the fuel should be JP-5, which is readily available on carriers and
most other surface ships. This would élso reduce the need for carrying

motor gasoline.

Long-Term Recommendations

30. Very recently, at the request of the Director of Research of NRL,
an NRL Task Force made a study of fire extinguishment research as
related to the Navy and its needs. The Task Force also made recom-

- mendations for future research at NRL on the subject. The following
long-term recommendations étem from the feport-submitted by that Task
Forcé (19). | ‘

(a) Basic inﬁestigations of the film formation, strength, and
spreading mechanisms of fluorozarbors on hydrocarbon fuels. (NRL has
studies underway in Codes 6040 and 6170 relaﬁed to this subject.)

(b) Engineering studies toward superior equipmsnt design of fire-
extinguishing systems for ship operations.

(¢) Research on new fire-extinguishing agents and techniques, for
use in closed or poorly ventilated manned spaces, that are nonhazardous
(nontoxic) both per se and as a result of pyrolysis.

(d) Research on extinguishment of fires involving highly reactive
combustibles such as pyrotechnics and propellants.

(e) 'Investigations of the use of water-soluble polymers for reducing

pressure drop in fire lines and increasing the range of water nozzle

90




‘Streams. (NRL, Code 6170, has a current and highly relevant basic
research project on drag reduclion by wﬁter-solubie polymers.)

(f) Develop more advanced knowledge of the phenomena involved in
and required for a flame to propagate. _This'is highly dependent on
the interplayvof the physicd—chemical»énd flammability properties of
combustibles with each other, with other chemicals, and with their
environment, including the nature of the atmosphere they are in. (NRL,_
Code 6180, hQS‘a current and highly relevant research project on
ignition and flammébility of hydrocarboné and another project on

ignition and combustion in unusual atmospheres.)

Conclusion
31l. It is evident from the findings of fhe Ad.Hoc Task Force (19)

that\the Navy and NRL have been and are doing a ﬁajor sharé of applied
reéearch and deveiopmeht in fire extinguishment. However, it is noted
there is a minimum effort going on in fhe Department of Defense in
fundamental research in fire extinguishment,.of which none is being
conducted by the Navy. This is unfortunate, since in the long run
the applied aspects of any discipline have so much to gain from the

proper understanding and use of fundamental scientific research.
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SectionVII. Naval Oxygen Breathing Apparatus (OBA)
by R. R. Miller | |

Naval Research Laboratory
Washington, D. C.

!ntroductioﬁ

1. In a number of ship disasters wheré oxygen breathing masks were
used, some verbal complaints were made concerning the equipmeﬁt.

Since NRL developed the potassium superoxide used.in the naval oxygen -
breathing equipment and has an intimate knowledge of the past hiStory
and experience with it on shipboard, we are in a good pOsition to
discuss thé present equipment, its limitations for shipboard use, and

its improvement.

Oxygen Breathing Apparatus

2. The emergency oxygen breathing equipment on board the FORRESTAL
(CVA 59) is a standard Navy Oxygen Breéthing Apparatus (OBA) (Spec.
MIL-B-17675B), and the ndrmal allowance for this class of ship is

450 OBA units with six canisters (from either Spec. MIL-C-17671A or
Spec. MIL-C-17671C, or both) supplied with each unit. The apparatus

is a completé rebreather; i.e., it is sealed from the ambient atmosphere,
and the canisters are inserted into it and used one after another
depending on how long it is in use. When the mask is being used, the
clock-alarm on the OBA is set for 1/2 hour, and when the alarm sounds,
the apparatus is checked for breathing bag volume and for ease of
exhalation. When both are satisfactory, the clock—alarm.is set for an’
additional 15 minutes, and then the canister is replaced at the end of

the 45 minutes of total use. The 2700 canisters on board the FORRESTAL
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could thus be used for 3/4 of &n hour per canister and, hence, would
furnish a.totéi of 2025 ménfhours of emergéncy bfeathing»protectidn.
This means fhét the available 450 OBA units could have been in simui—
taneous and céntinuods use for 4-1/2 hours: An adequate amount of .
equipment fof é.mgjor'ShipBoard.fire éhould allow for the possidility

that as much 8¢ 1/3 1s not accessible during such en emergency.

3. The averég’g' 1ife of a canister for a zgnan_operéting under normal
working cond{tions 1s 45 minutes; but if the wedrer has an adequate
knowlédge_of the epparatus and its operation, he can adapt'and extend
the canisfer 1ife if his activity is more moderate. Thus, under a
1light working 1load (fbf example, standing telephone or machinery watch),
he requires less oxygen and produces less carbon dioxide (COZ)’ and
henée the canigter life can be greatly extended; If he ié sitﬁing
quietly, he fédubes'ﬁhé reqﬁirement on the canister to su¢h a low value
that one caniétéf cén furnish the oxygen required and also absorb the
CO, produced by him for a total of eight hoﬁrs. At the other extreme,
if he must work very hard, he can expend the capacity of the canister
in 1/2 hour. Usually that much physical effort would be all he could
'enduré for 1/2“hour. After 1/2 hour of use the canister usually is not
éxhausted, bﬁt itS'productive capacity has been expended due either to

incheased resigtance to exhalation or to excessive 002 in the rebreathed gas.

b The.operaﬁibn of the canister involves a number of chemical reactions
taking place if the chemlcal oxygen source.  Water vepor and carbon'

dioxide from the breath :eact with the potaseiun superoxide contained
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~ in the canister; and heat and axygen ara thereby released. It is
normal for the reaction to be more efficient andicomplete as the
temperature increases. Best results are obtained if the wearer works
at normal rates. The highest work ratas produce high enough reaction
rates and temperatures sufficient to aause the chemical filling to
soften and flow. The material will then develop a blow-hole or
compress.to offer high breathing resistance. Whenever the canistars
are at normal‘room tamperaturas or colder; thé required reactions of
the breath with the superoxide are too_alow and inadequate to fulfill

the breathing requirement.

5. Two types of canisters were designed and later made available
commercially for use in the CBA. They are designated in Navy Spec.
MIL— C-17671A as canister Type I, and in Spec. MEL—C 176710 as canister
Type A-3. Type I, the standard canister, requires a starting period
of breathing with periodic ventilation of the breathing bags before |
the level of oxygen production is high enough for breathing purposes.
The starting operation Beqomes compieted when tha canister has génerated
sufficient heat as determined by touch (over 100°F). An apparatus
taken from stowage at ordinary températare (68 to 86°F) will require
from three to five minutes to start operating adequately for use.
After that,tif_another standard canister is placed in the used (hot)
breathing apparatus, it will operate @romptly. The time required in
starting the OBA has been criticized fbr emergency uses where delays

can be costly in gaining control of critical fires or in saving lives.
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6. The Type A-3 canisters, termed quick-start canisters, were designed

and manufactured to render the apparatﬁs suitablé for immediate use.

In this canister, a'small oxygen chlorate candle has been placed in

the base of an otherwise standard canister. The candle is ignited as

gsoon as the mask is fitted‘on the operator's face, and the decomposing -
chlorate candle promptly fills the apparatus with oxygen gas. The

chlorate candle burns for about three minutes and supplies nearly ten

liters of oiygén during this time; at the same time it warms the

2

and water to support the breathing requirement in the canister. The

canister to a temperature sufficient to maintain reactions with CO

added cost for quick-start canisters is approximately 1/3 more than

the sﬁandard canister. This has had a tendency to limit their general

use. If necessary, the operator can replace the'quick—start canister .
immediately after it is used up with a standard canister, and his mask

will function normally since it will have become well wurmed.

7. Regardless of the consideration of the cost of such OBA equipment,

the éxpensive phase of the ready-emergency oxygen breathiig teams is

the training cost. Once a canister has been seated in the apparatus,

its diaphragm is punctured, and hence it camnot be stowed thereafter.

The time for training each man on an OBA mask does not require that the
full life of a canister be conéumed, and thus the use of one canister

for about four mén in breathing training has become the standard practice.
Not every man in training has been required to go through the same
operation of taking a stowed apparatus and canister and assembling the

two for breathing purposes. Where starting candles were used in training,
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‘the.ignition of the candle was'experienéed by bnly one of the four men.
Such incomplete training and the lack of sufficiehtvretraiﬁing, the
slow stérting of standard canisters, and the operator's feeling of
being encumbered haﬁe beeﬁ the causes of a number of complaints about

the oxygen breathing apparatus.

8. However, there are changes alreédy in progress which will improve .

the efficiency and use of the OBA in ﬁhe fleet. A1l canister replacements
are Type A—B,‘the quick—startrtype, which permit thé OBA to be.donned

and work stgrtéd at onée. A training canister is being:deVeloped commer-
clally for:Codé 6134E of the Naval Ship Systems Command, which, through
the use of replaceablé parts, can be reused with each trainee performing
the same operations as reqﬁired on the breathing apparatus in service

use: Some encumberment is present with any oxygén breathing mésk; but

the better each man ié traiﬁed,»the'less encumbered and more confident

' he feels. Well—tfained personnei accémplish normal operations comfortably

with the aid of the OBA, but poorly trained peoplé complain subsequently.

9. The chemical oxygen breathing apparatus has several advantages over
_other types in the greaterAshelf—life of the equipment and the greater
ease the wearer experiences in climbing through small spaces. The
existing-éanistérS‘and candles_do hof deteriorate under recommended
stowage conditibns. Oxygen breathing masks which depend on compressed
cylinders of oXygen or air are more bulky, are apt to lose pressure
during stowage; and depend on sensitive reducing valves ﬁhich have

critical stowage lives.
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- 10, " One complaint that could be leveled against the chemical OBA is
that the usable life of thé,eanisters dbes not exhaust the chemical
filling, as mentiongd above. The canisters become unsatisfactory
before all the chemical is used, and this accounts for the listed 3/ -
hour life of a canistér‘whiéh under a&erage use should last an hour

or more.

11. We beliéve that research on the properties of mixtures of potassitm
superoxide with one of several other oxides could provide sufficient
improvement to allow a redesign of the'equipment to make the canister
more efficient and useful. Past research at NRL on calcium superoxide
has been pursued éé a;ﬁery‘promising approach on new chemical oxygen
sources, but work was élowéd down several years ago by loss of support
from BUSHIPS (Code 632). This support prébably éeased dué to feorgani—

zation and to thé glamoﬁr of other fields. Resumption of support is urged.

Short-Term Recommendations

12. The only'way to be able to use oxygen bfeathing equipment efficiently
under eritical‘or disaster conditions is as follows:

(a) Train well the men who are most likely to use them.

(b) Allocate enough OBA's and canisters 4o each ship to care
for 1arge-scalevfires.

(¢) Maintain a constant state of readiness of these OBA's and

replacement canisters.,

13. All canisters procured and installed in ships, especially carriers

and tankers, should be the quick-start type (Type A-3).
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,In;ermediateQEerm ReCommendagiéns

| 14 Research 6n mixed potéssium superoiide'and ofher oxidés or
peroxides should be gonducted to search for improvéments over the
effective performance life‘of the present potassium superoxide canister

filler.

15. An investigation of the properties of calcium superoxide,'which
NRL bas already learned to prepare in 60% yields, éhpuld be supported
to determine if this compound is suitable for use in the oxygen
rebreafhing apparatus. - If the calcium éuperoxidé proves adVantageous
when used éloné or mixed with potassium superoxide, effort should be

- promptly under%akéﬁ towimpfbve the chemicél'yields of calcium super-
oxidg in order tollower thé unit cost and develop a commercial source

of supply.

- Long-Term Recommendations
16. Redesign the OBA to increase éfficiency'and dependability for

longer-life service use and greater convenience t0 the wearer.

17. Investigate new methods for preparing calcium and other alkaline

earth superoxides through the ozonide reactions on hydroxides.
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- Section VIIL Toxicity Aspeets and Abplication of the Naval
Protective Gas Mask to Shipboard Firee |
by Dr. E. A. Ramskill
Naval Research Laboratory
Washington, D.C.
oxicity Hagards of Shi ﬁoard

1. Toxicity hazards associated withve fire are numerous, both in
number and degree. Hlstorlcally, the danger fram flre in more or less -
closed spaces has always been attributed to carbon monox1de (CO) and/
or lack of.oxygen (02);,this fear is, of coursej’é real one,,but there

is more to the overall picture. In the discussion which follows, an

attempt is made to separate the hazards from the fire products from

those of the fire itself, i.e,, heat and flame per se are_not considered.

2. First, let us_cpnsider the "products" of a fire. Of course, the
products vary Widely.depending on the fuel end the conditions. Howe?er,
when ene thinks in terms of a shipboard fire, the fuel includes
primarily hydrocarbons, paint, plastics, mattfesses, furnishings, and
electrical insulation; the conditions, in general, are semiclosed to
closed with iimited oppbrtuﬁity to go upwind of the fire. The products

are those resulting from partiai-to-complete oxidatioh, decomposition

- and/or evaporatien of the myriad of materials present. Notable among

the products are carbon dioxide (002),.cafbon monoxide (CO0), hydrogen
chloride (HCl); and "smoke"; in addition, there is a lack of oxygen.
There are, undoubtedly, thousands of other products, but.these are
believed to be in relatively small concentrations and/or of low toxicity.

There are several campounds which could be added to the above 1ist. For

103




‘example, hydrogen fluoride (HF) will, undoubtedly, be formed if Teflon

and Tefiqn-liké materials ére present. APhoSgene cén be formed under

certain conditibns; however, it is rare that tests for phosgene have

been positive. The various oxides of nitrogen will be formed when the

fuel contains much nitrogen; this situation is rare except in the case ' .
of explosives (a special fire situation). The above-mentioned main

products of avfire are not normally considered high;x toxic, and one

wonders why fires are so costly in lives, particularly aboard ship.

3. Fafalities from a fire can usually be divided ihto two distinet
categories.‘ For purposes of discussion we shall designate these

- "immediate" and "délayéd." ' The immediate fatality occurs during the
fire; the delayed‘fatality bccurs from 24 to 72 hours after the fire.
Each of these categories will be discussed with felation té the probable

mechanism of such deaths. S -

4. There are many ways in which a man can be killed in a fire; an

injury can prevent his escape, or cloﬁhing cafching afire can burn him

alive. However, the most dqmmon means is believed to be a combination

of toxic gas‘and heat-- a one-two punch in which the toxic gas‘knocks

the man down and the heat kills him. The toxic gases which can literally

" knock a men down‘are CO and lack of oxygen. Actually, the two work

together sinde low oxygen accampanies and enhances the effect of high CO.

High 002, while not considered toxic, increases the breathing rate and .
thereby enhances the effect of high CO. . The CO may be regarded as the

real culprit since concentrations of about 1% act rapidly; O2 has to be
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reduced from 21% to 10-12% before a man collapses from 0, deficiency

alone. The man may die frdm.high'CO or‘vlow‘O2 uniess he is given
fresh air; howevér, unless he is rescued sdon enough3-he may become

a fatality because of exceSsive heat. It~is~believed that most of

the pilots lost recentiy'onAthe ORISKANY died in this way . The reports
indicated "peaceful" death due to exéessive heat--this means that the

men were unconscious (from high CO and/or low Oé) before heat became

excessive.

5. It is interesting ét this point to examine data obtainéd.by the
National Defénse Research Comﬁittee during World War II (1) in connection
- with flame throwefé. The pertinent part of their experiments involved
gasollne fires in completely enclosed spaces. -In each instance the

flre extlngulshed 1tself and the air comp051t10n after the flre was:

*

O2 from 14.5 to 16%

€O, from 3.5 t0 4.5%"
CO from 0.7 to 1.0%
Tt should be noted that none of these gases, by itself, would knock a

man down immédiately. However, he would be in distress immediately

and probably would go down within a minute from the combination.

- 6. The data-citéd above for comfletely enclosed spaces réfreéeqﬁs the
worst situation for gagoline fires. When other ﬁaterials are present
(paint;_plastiés, insulation, etc.), it is doubtful that O, will be
altered greatly; the proportions of CO2 and CO may well be alteredf
Such datéd have not been l@cateds In all situations, other prodgcté-are,

of course; prééent, but not all of these have been identified and quantized.
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7. For spaces which are not completely enclosed, the average composition
of the atmosphére can be expected to be less severe to health than cited
above. In that case; however, the fire will not extinguish itself and

temperatures will increase,

8. It is time now for the fire fightef to enter the scene--his purpose,
of course, is to extinguish the fire by depriving it of O2 and/or cooling
the fuel. Various methods are used, but the classical one is water,

When water hits the hot fire, steam is formed and a great dilution of
atmospheric gases takes place-—the extent depends on the amount of steam
generated fogether with the ventilation rates. Dilution of all the

gases is physiologically in the right direction except for 02. This is
believed to be the manmer in which men are knocked down by low 02. The
water used by‘the fire fighter also plays a part.in the neit step. NDRC
workers showed (2) that dry air at 142°C could be inhaled with relatively
little damage. However, if that air was 50% water vapor, the heat
liberated in the condensation of the steam iﬁ_the respiratory tract would

cause severe damage. Thusz the water used to combat the fire may well

be the most important gingle factor in causing immediate fatalities.

9. Consider now the case of the delayed fatality. In general, this

© man was in or neér the fire and_did not sustain injuries or serious burns.
He probably did not report to sick bay because he had only a cough and
sore lungs from all the smoke he inhaled. But two days later he is dead;
the cause is reported "pulmonary edema." He did indeed die of pulmonary

edema; but what caused the edema? There are many illustrations of this
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type of delayed fatality. One of the most dramatlc was the FRANKLIN
with nearly 506 men in thlo category. It is suspected that the FORRESTAL
also had more fetalities in this category thanvin the immediate category;
first-day reports gave 25 tQ 30 fatalities; but three days later the

number reported was 130,

10. In this case of the delayed fataiity one looks for an irrijant
,rather than a xg;ig compound-=-one which causes little trouble at the

time of the fire but Which produCes an edema in a day or two. There are,
of coufse, many irritants in the producfs of a fire, but'the one believed
to be the main culprlt is HC1 with a big assist from the smoke. Elkins (3)
. states that "o, phosgene apparently acts by hydrolysis in the lungs
withlthe formation of two molecules of hydrochloric acid. This acid
irritates and inflames_the lung tissue, which becomes incabable of
allowing oxygen to diffuse into the blpodstream. The effects are often
vdelayed. o WM Elkins also states that concentrations of HCl above

10 parts per million by volume (ppm) are highly irritating. It would
appear, therefOre, that HC1 in the lung is capable of producing a delayed

pulmonary edema and that quite low concentrations are very irritating.

11, lLet us now consider the role which smoke may play in this process
" of delayed fatalities. For discussion purposes, assume the smoke t0 be
composed of spheres, 10 microns in diameter, and that there are 105
particles pef milliliter. This size and concentration of particles is
considered ressonable--the exact composition of the particle doesn't

matter at this point. The man exposed to this smoke may be fighting the
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fire w1th considerable vigor and hence breathlng at a rate up to 50 liters
per minute. Now, the total gsurface area of “the partlcles inhaled per
minute is |

(5 x 1072 % 107 x 1000 x 50 = 1.5 square meters of surface area
4104 ' - per minute.

Inasmuch as this smoke has been in the presence of HC1l, assume that the
smoke has adsorbed on its surface a monolayer of HC1l (a case can be maee
for more than & monolayer, but there are also competing gases present)
An average figure for adsorbed HCL 1s 35 millimoles per square meter
Hence, the inhaled smoke would contain

. 35 x 1.5 x .036 = 1.8 grams HC1
In order to inhale this much HCl as vapor in one minute at the breathing

rate' of 50 liters per minute, the concentration would have to be

1.8 x 1000 = 36 mg HC1/1 = 25,000 ppm.
50 ‘

It will be recalled that 10 ppm of HCL is "highly irritating," and it

is expected that the respiratory system would.rebel at 25,000 ppm.
However, breathing the above-defined smoke would ﬁot be particularly
unpleasant--some coughing ﬁould probably result, but the respiratory
system would accept it. So far, it has been implied that all the smoke
inhaled is~retéined—-this, of course, is not the case. A significant
portion may be retained, as much as 10 to 50% depending on particle size
and density. Once the smoke is deposited on the lung surface, it is
reasoned that a large portion of the HC1l would be transferred by solution
to the lung.} In fact, in‘the high relative humidity of the lung, HC1 |
adsorbed’on airborne particles will rapidly absorb water, thus increasing

the size and mass of the particlévand enhancing deposition.
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12. There is'another means by which HC1l can be painlessly carried into

the lungs. Whén water is poured on a fire, large quantities of steam
are produced. Near the "edges"'of the fire'this steam condenses into
small water droplets--these droplets will'be‘Vefy effective in absorbing
HCl. This aerosol 6f hydrochloric acid can be inhaled and retained with
minor physical discomfort. If it can be shown that HC1 is partly-or
wholly responsible for the delayed efféct, treafment with ammonia

immediately after the. fire could prevent or decrease the effect. .

13. The above estimates and predictions are subject to experimentation

and verification. The estimates may well be no better than an order of

. magnitude. However, the general mechanism offered for the delayed

fatality deserves serious consideration.

Protect] S
14. Protective masks (gas masks) have been carried on all our ships
since about 1917. The present model on these ships i the ND-Mk V.

In general, these masks have been stoﬁed in démagé—control lockers and
have been issued only in rére instances. Statements printed o£ the
canisters, on the packages ahd/or in instruction manuals warn against

the use of .such masks in oxygen-deficient spaces and where CO may be

" dangerous. This advice is, of course, based on the facts that the mask

.does not generate O and removes only & small amount of CO. Present

2

instructions do not specifically prohibit their use in the vicinity of fires.

15. The’adviéability of using the protective gas mask in and during

shipboard fires has been considered on several occasions in the last
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25 years. Each time the mask's inability to generate O, and remove CO

2
outweighed itsithen-recognized advantages, and its use in fire fighting
was voted down. It is believed that the use of the protective mask in .

and during shipboard fires should now be reconsidered.

16. The role whiéh the protective mask can play in shipboard fires must

be clearly defined. It should not be considered a fire fightihg item-~

only as a last resort (all OBA's in use) should it.be used for fire

fighting proper. However, for the nomparticipant who cannot completely

avold the fire and for escape purposes, the mask should be épecified

and encouréged. For such a procedure to be successful, the mask would

have to be issued énd étowéd in accessible places, probably at battle

stations. Considerable atﬁrition of masks would necessarily occur and -

some expense thus incurred.

17. It is believed that the use of the protective mask for escape and
"limited" fire fighting purposes would save many lives. If the mechanism
for the delayed fatality described abbve is cbrreét, all such fatalities
would be eliminated by use of the mask. This is true because the mask
would removevall of the particulate matter, together with the gases
adsorbed thereon, and most (except CO and 002) of the gaseoﬁs fire

" products. The mésk would also serve to reduce the temperature of hot

inhaled air and would constitute a heat shield for the face. Of most

importance, of course, would be the absence of pulmonary edema 24 to

72 hours after the fire.

18. There is one classical example which enforces the above position.

This involved the FRANKLIN in 1945. Nearly 500 men were trapped below
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the hangar deck for about 40 hours by multiple fires topsi@e. Many

of these men were alive some 24 hours after'the fire startéd, but they
were all dead when rgached aftef 40 hours. The exception was a small
party of men in one engine room who survived the ordeal with "only a
headache." The men in the enginé room wore masks all the time; in
fact, they wore two--the first became so clogged with smoke that fresh
ones were donned. There were no indications that the men who died |
wore their méské, although masks were available. There are other
examples where masks have been used in fires, but none are as dramatic

and convindihg as the FRANKLIN.

19, In recommendiﬁg tﬁé immediate use of pfotective masks as indicated
above, it is realized that‘sooner or latér some well-meaning sailor

will misinterpret the instruction and infer thatvthe mask is a substitute
replacement for the'oxygen bfeathing appafatus (OBA)-~he may use the
.mask instead of the OBA because it is lighter and much more comfortable.
If he encounters high CO and/or low 02, it will be his last mistake,

and the mask will be blamed. However, for every man lost by mistéke

this way, perhaps ten will be saved by preventing the delayed effects.

20. It is fully appreciated that limited use of the protecfive mask is
" not a perfect soiution to the loss of life from shipboard firés.
However, it is believed to be a good solution which will save lives

and perhaps, mostvimportant, the procédure can be put intp effect today

because the masks are aboard now.
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Short-Term Recommendation

21. It is recommended that the use of»the protecﬁive mask-(ND—Mk V)
be specified and encouraged for escape and limited fire fighting
purposes at the earliest pfacticable time. No experimental work is

required.

Intermediate-Term Recommendations

22. It 1s recommended that experimental work be cbnducted to:

(a) Deterﬁine the nature and_amount,of fire products from such
materials as paint, electrical insulation, etc., under closed and semi-
closed conditions.

(b) Determine the irritant and/or toxic gas carrying potential
of various particulates with emphasis on'those,prqduced by fires.

' kc) Determine the most practical devices and procedurés to protect

shipboard persomnel from the toxicological effects of fires.

Long~-Term Recommendation

23. It is recommended that the physiologica1>effect of various typical
fire atmospheres be determined with emphasis on the mechanism of physio-
logical damage. This is probably long-term work, although portions could
be short~ and intermediate-term work. This work should be done by the

- Naval Medical Research Institute‘or the Naval Toxicology Unit, both in

Bethesda, Maryland.
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